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INTRODUCTION 
 
A. Background 
A country with bamboo resources 
Bamboo is a wood-like material that can be processed using technique and tools of 
woodworking, even though it is actually a family of grasses, so it is often called “the giant 
grass”. Bamboo grows naturally on almost all continents except Europe, and it is very easy to 
breed bamboo with a simple breeding method. In tropical countries like Indonesia, numerous 
bamboo species each with their own characteristics are cultivated or grow naturally without 
any treatment close to the living area in the villages (figure 01).  
 
 
Figure 01 Natural wild bamboo grows around villages. 
 
There are between 1200 and 1500 bamboo species around the world [1], some of 
which can grow up to 21 cm per day. Others can reach heights of up to 20 to 25 m and 
diameters of up to 22 cm [2]. Bamboo typically matures and is ready for harvesting in just 
three to four years, which is extremely fast in comparison to wood such as teak, which needs 
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30 to 70 years to reach maturity [3]. Various species of bamboo can grow in Indonesia 
ranging from wild species and cultivated bamboo. Among the 80 genera of bamboo, around 
200 species from 20 genera are found in Southeast Asia and 60 species flourish in Indonesia 
[4]. Besides its diversity, bamboo of Indonesia contributes 5% of worlds bamboo, posed in 
the third rank after India and China (figure 02).  It was reported that there is a total area of 
bamboo forest around 2 104.000 ha in the year 2000 in which 67% owned privately and 33% 
belong to the public [15]. 
 
 
Figure 02. Countries with bamboo resources (indicated in the green zone) 
 
Bamboo as Sustainable Material 
While bamboo as a natural raw material is abundant and easily renewed, its current 
utilization is still very limited. However, in the past two decades, several studies and activities 
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to optimize the use of bamboo have been carried out, one of which is the existence of the 
INBAR (International Bamboo and Rattan Organization) established in 1997 [5]. One of the 
activities is in assessing bamboo and rattan for green development [6, 7]. To ensure the 
environmental impact of bamboo, some researcher within INBAR conducted an assessment 
using Life-Cycle Analysis (LCA) especially in an attempt to make its use in Europe as a 
structural material both in the form of a culm or engineered bamboo [8, 15]. Van der Lugt et 
al. (2009), reported the assessment of the use of various types of bamboo material in Western 
Europe using the LCA method, which showed that bamboo is a more sustainable choice than 
timber. In particular, He also analyzed the environmental impact of using bamboo products 
from Moso International bamboo industry bases in China. From the results can be concluded 
that industrial bamboo products, if based on best-practice technology, even when used in 
Europe can actually be labeled “CO2 neutral or better”. When used in the country of 
production (China), the results will be even more positive. A study in Brazil was carried out 
on several bamboo structural systems 
  
 
Proposed bamboo structural 
system; 
System 2; a platform with 
processed bamboo 
System 3; pilar beam 
System 4; solid wall 
System 5; sandwich panel. 
 
  
Figure 03 Environmental impact of bamboo and conventional material structural system. 
 
proposed for the development of Social Housing, it showed a tendency towards lower 
environmental impacts than conventional materials, as illustrated in figures figure 03 [15]. 
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The study was conducted on three aspects of environmental impact; material load, energy 
embodiment, and CO2 emissions. The bamboo system 1 which use a natural shapes of 
bamboo (bamboo culm)is not considered in this comparison for not being recognized as an 
urban system.. Other studies on the environmental effects of bamboo utilization in a building 
by Zea Escamilla et al [17] also indicate that bamboo is more sustainable than other materials. 
Escamilla uses the LCA method to assess aspects of CO2 emissions on two types buildings 
(single storey and two storey building), with the results as shown in figure 04.  
 
 
Figure 04 Environmental impact in kg CO2 Eq. SSH: single-storey House; MSB: 
multi-storey building. 
 
Negative Perception of Bamboo 
The utilization of bamboo in building house has already happened for a long time, 
especially in the Asia region. Whether for structural or non-structural material, almost all 
traditional house applied bamboo since bamboo is an abundant material easily to be found in 
tropical forest and villages close to people living area. In Indonesia, traditionally bamboo is 
utilized for lightweight building materials, irrigation pipes, household appliances, handicrafts, 
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toys, musical instruments, and many others. However, after industrial era, people tend to left 
bamboo to turn to the modern materials such as steel and concrete for building construction or 
plastic for products, in which several problems of environmental impact have not yet been 
solved. Bamboo becomes rarely to be used for building material or for daily necessities, 
except in certain areas where the economic income of the population is low. Perception of 
bamboo as low and cheap material emerge to be compared to the new materials. Even worse, 
and become a bad stigma that bamboo is considered only as material for making temporary 
structures or as material for the poor, known as 'poor wood' [9, 10]. In India, people perceive 
that bamboo available is of low quality if to be used as a construction material for housing 
[11]. Chinese say about bamboo as „friend of the people‟ and for Vietnamese people, bamboo 
is „the brother‟ [12]. Particularly in Indonesia, there are only in rural area or poor villages we 
can find a house made of bamboo. In other location, bamboo applied only for temporary 
building construction such as worker barack in construction projects, refugee camp, 
traditional market, relocation project or others. People not applied bamboo for their house or 
use it for their everyday living. Most people are unaware of bamboo properties which make it 
reluctant to use as a construction material instead of traditional wood, steel, etc [12]. Although 
such a contradiction appears in a few places, the use of bamboo is only for exposing its 
exotism for a certain reason, for example in a resort hotel, traditional restaurant or other 
tourist attraction. Mostly bamboo applied to create a sense of traditionality, natural style or 
create a local village atmosphere. Sadly, some times bamboo house is negatively used to 
represent a poorness in many media such as movie, social campaign or advertisement.  
Although negative perceptions of bamboo have long existed in the community, 
especially in Indonesia, several recent developments indicate a concern for bamboo, indicated 
by the many activities and bamboo communities in the community, including researchers in 
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universities. Nowadays, especially after the issue of global warming and sustainability arises, 
bamboo becomes one of alternative material that can be used to reduce the use of other 
materials that have negative impacts on the environment. 
  
B. Problem Statement 
Generally speaking, there is a tremendous potential for economic and environmental 
development in bamboo as well as for international trade, however, bamboo product 
industries in Indonesia are predominantly by Small and Medium Enterprises (SME), including 
home scale industries [7]. There are advantages in the SMEs; economically, these SMEs 
contribute to the surrounding, since they employ people around, environmentally since they 
use the local resource of bamboo, it reduces the transportation cost and its environmental 
impact. Although there is a limitation in production caused by low technological support, the 
SMEs of laminated bamboo has its own market niece by its advantages, especially in the 
product variation, because most of SMEs can produce a small quantity of product. However 
since most of the SMEs have a lack of human resources, many problems arose in developing 
the products. One of the important aspect in the development of bamboo products in the 
SMEs that currently still a crucial problem is related to the design of the product. The lack of 
designer resources is generally a problem for SMEs which makes it difficult to compete in the 
market. Therefore, it is very important to introduce and assist bamboo SMEs in terms of 
product design methods so that they can develop independently by optimizing their 
capabilities.  
Relating to the product developing, today customers tend to be critical in selecting the 
products they want to buy and use. Their preference for a product is not only base on the 
function, but also the intrinsic value, aesthetic, and emotion. Therefore, any industry that 
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creates product should consider turning to the customer preference base on their experience 
for developing new products, since a feeling and needs are recognized as invaluable in 
product development for manufacturers [13]. There are several latest design methods included 
in the user experience (UX) that can be introduced to the bamboo-based SMEs for making a 
new design. Looking at the development of consumer tastes of products that not only see the 
aspects of function but also assess impressions and emotions. Kansei Engineering (KE), 
which was created in 1970 by Mitsuo Nagamachi, could become one of the alternative 
methods that are feasible for the development of bamboo products by SMEs in Indonesia. 
Based on the background above, this thesis is hereby introduced as: 
Development of Laminated Bamboo Products  
for Small and Medium Enterprise Based on User Preference in Java Indonesia 
 
C. Objective 
The general objective of the research is making development for the laminated 
bamboo product by SMEs in Indonesia base on user preference. This study is intended to fill 
the gap of research about bamboo products in Indonesia which the majority focusing on the 
creation of new products without recognizing current user preferences. Through the research, 
we also try to make an effort for the development of the SMEs as one of the important pillars 
of the people's economy in Indonesia. The results of this study are expected to be able to 
improve the ability of SMEs to create products and develop them by optimizing their resource 
and capabilities. 
D. Methodology 
To achieve the objective of the research, there are several steps and studies that need 
to be conducted. Therefore this thesis is divided into several parts and applies various 
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methods depending on the needs of each part. Under the main theme "development of 
laminated bamboo products for SMEs", the three parts of the research were carried out to 
obtain comprehensive and original results. The section consists of; understanding of 
laminated bamboo as part of engineered bamboo and the elaboration of its visual 
characteristics, the process of manufacturing laminated bamboo products carried out by SMEs, 
and experiments for design development based on user preferences. The whole thesis is 
conducted and presented in a framework as shown in figure 0.5. 
1) Engineered bamboo and its visual properties. 
In this part, research is conducted using literature study and visual observations of 
engineered bamboo products on the market and product information data from various media 
and resources; manufacturers, distributors and design bureaus that utilize bamboo with 
techniques. The characteristics of the visual properties of the products are then grouped and 
categorized by typology analysis methods. The results of the analysis on various surface 
characteristics related to the type of bamboo laminate products will be used to expand the 
product properties in developing a product using Kansei Engineering. 
2) Laminated bamboo products by SMEs in Java, Indonesia 
To identify the capability and potential of laminated bamboo SMEs in detail and correctly, a 
field study was conducted on several small industries or craftsmen producing laminated 
bamboo in Java. Observations of the laminated bamboo manufacturing process and 
discussions with craftsmen and business owners were carried out at the location of the SMEs 
to recognize technical capabilities and the possibility of developing design methods that could 
be applied by SMEs. 
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3) Development of laminated bamboo product design based on user preference. 
The method used for the development of laminated bamboo products in this study 
is Kansei Engineering, in which the evaluation of impressions and feelings become the 
basis in designing for new products. This method applies semantic differential evaluation 
on several products based on subjective assessment and preferences of the user. There are 
two important parts of product design development in this study, namely conceptual and 
experimental stages; 
a) The conceptual stage is intended to understand the need for new impression 
values so that the Kansei value concept can be developed which will be applied 
to the design of laminated bamboo products. The method used consists of 
several steps, which is; affinity diagram, and focus group discussion. 
b) The experimental stage is an experiment in making products by determining 
one type of product which is the main product of SMEs as a case study. The 
Kansei words used are obtained from the conceptual part (3a) above, while the 
product properties are obtained from visual identification on the laminated 
bamboo surface and the result of typologicl analysis in chapter one. 
In more detail, the explanation and application of the methods in part three are explained in 
chapters 3 and 4 of this thesis report. 
E. Significant of the Study 
 This study has a significant role both in design practise and academic by 
contributing an understanding on the important of visual surface appearance as part of 
study in design field. With laminated bamboo products as a study case, an elaboration of 
the visual properties tried to be conducted by exploring its basic visual element of design. 
Like other object of design, laminated bamboo has its visual element such as shape, color, 
11 
 
texture and so forth, in which integrated in the physical appearance of bamboo culm. This 
visual elemant can be transformed into a new composition applying the design principal to 
create an aesthetic value of design. The application of Kansei engineering in this study is 
used to understand the connection between the visual properties and human feeling of 
impression. In design practice it is important in developing a new product with a 
fullfillment of emotion or psycological need of user. Particularly for the SMEs, an 
understanding of visual properties of bamboo and the laminated bamboo product will make 
easy in adjusting their capability, especially the available technology and tools to develop a 
new products applying a psycological approach in creation. 
 Related to the laminated bamboo as the object of study, it is a continuation of 
development the bamboo craft product in general with a new technology which is quite 
new in Indonesia. As a part of development program from the ministry of tourism and 
creative economy of Indonesia, the laminated bamboo considered as a new way to attract 
young generation interest in local product and optimalize the utilization of bamboo as the 
renewable natural resources. It was also supported by the ministry of maritim by launching 
the first boat made of laminated bamboo [20], as a campign for the SMEs of shipping in 
east Java. The research in the aspect of design for laminated bamboo is currently still 
limited, while the study on traditional crafts of bamboo and also its product 
implementation quite many available in universities. Such as the study by Gandjar Sakri 
about handycrafts in Tasikmalaya [21], Derajat, about traditional bamboo SME in west 
Java [22], or the traditional bamboo product development by Rahman [23], and many 
others. Larasati [24] put the hybrid process and advanced process included the laminated 
bamboo manufacture as improved products in which the designer has more important role 
in developing new product and considered suitable for current situation of Indonesia. 
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F. Originality of Study 
 In designing products, there is two important think that always need to be 
considered; the function aspect and the aesthetic aspect. Study in design field is needed to 
achieve the capability in managing those two aspect by obtaining many knowledges. This 
study on laminated bamboo is a trial of propossing a basic idea in managing design 
visually through its basic component. The idea is mainly focusing on creating visual 
surface appearance of product made of laminated bamboo in which the bamboo strip 
become the basic component or constituent unit that need to be considered in creating 
visual appearance by managing its properties applying design principal. Unlimited design 
variation can be created by modification of the strip properties and the composition in 
design. In this study, a practical approach for implementation is tried on the laminated 
bamboo product made by SMEs as well as a way in making  effort to provide assistance 
for their development.  
    
G. Scope and Limitation 
Java is located in the southern part of Indonesia, which is the most densely 
populated island and is the fastest growing economy. There are many craft industries in 
rural areas scattered along the island of Java, one of which is bamboo craft industry which 
is supported by the source of abundant raw materials in the form of various types of 
bamboo plants. For the study, three SMEs of laminated bamboo from the different location 
are selected. The SMEs is located in Bogor, Yogyakarta, and Malang (figure 0.6). Those 
three SMEs are expected to be a pilot project for the laminated bamboo crafts industry 
development in each province. 
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Figure 0.6 The location of laminated bamboo SMEs in Java island. 
 
The study will focus on the design aspect of product development in which always 
considering the SMEs capability. Especially in the sample manufacturing for study, the 
craftsmen that work for the SMEs involved in the process as co-partner of the researcher to 
develop the product. The design aspect of the product particularly will elaborate on the 
visual appearance of the product in considering that the aesthetic value perceived by the 
customer is the first impression. 
H. Organization of the Thesis Report 
Outlined herein are the five chapters of this thesis report. The theme of each chapter 
reflects a specific goal to success the general objective of the research. 
1) Chapter One 
Chapter one is an introductory part of the study. In order not to become another 
book of the bamboo encyclopedia, this chapter begins with a simple introduction of 
bamboo and directly following with the typological analysis of engineered bamboo base on 
its visual appearance of the surface. This section has an objective to describe the visual 
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characteristics of the engineered bamboo and elaborated its properties to understand the 
possibility of further development, particularly the laminated bamboo type. The process of 
manufacturing and its raw materials believed has a correlation in creating the surface 
appearance of the final result of product especially when the product is intended to be 
designed to show its original material. The comparison among the engineered bamboo 
products also meant to understand the advantages of each product to be developed. 
2) Chapter Two 
Considering the importance of bamboo-based SME development in Indonesia, a 
comprehensive understanding of the SEMs condition should be obtained. Through field 
observation and discussion with the craftsmen and the business owner, data collecting is 
conducted, and presented in chapter two. An investigation into the process of fabrication of 
laminated bamboo product carried by the SMEs become a starting point for understanding 
the possible development of their products. 
3) Chapter Three 
As already mentioned in the introduction about the current situation of bamboo 
utilization in Indonesia. There is a change of user preference in which people turn to 
purchase products made of metal or plastic, and put bamboo products only for beautifying 
their room without any significant function. The third chapter is presented as a stage for the 
conceptualization of the new afective value. There are collecting and sorting process of the 
Kansei words for developing a new affective value to be applied on the product made of 
bamboo.  
4) Chapter Four 
` To implement the conceptualized affective value developed in chapter three, an 
experiment is conducted to investigate the user preference on the various panel sample 
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made of laminated bamboo created by the SMEs compared to several new panel design. 
Focussing on the domain of surface appearance of laminated bamboo product applied for 
the interior wall, the result of the experiment is expected to contribute to the development 
of a new design that suitable to the targeted market. Further investigation on the 
representation of the small sample used in the first experiment is also conducted to 
understand its effectiveness. 
 
5) Chapter Five 
As a result and contribution from the research, there are two recommendations 
presented in chapter five; Firstly, there are several designs to be applied on panels made of 
the laminated bamboo base on user preference and affective value. Secondly, there is a 
result function as a preliminary study in identifying the possible application of the Kansei 
Engineering method by the SMEs independently. By observing the process during the field 
survey, experiment and discussion with craftsmen and business owners, and referring to 
the simplest method in Kansei Engineering, it can be concluded as a preliminary finding 
for the possibility of applying the Kansei Engineering method in the creation of new 
product forms. This section is also a recommendation for further research in the effort to 
develop bamboo-based SMEs, especially those in Java, Indonesia. 
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CHAPTER 1 
Engineered Bamboo and Its Visual Properties 
 
 The utilization of bamboo has been going on for a long time before modern 
civilization to fulfill various needs, whether for buildings construction or daily necessities. 
Despite its rounded shape result in difficulty when utilizing it, a traditional craftsman can 
solve construction problems by developing various joint techniques. Various products or 
buildings can be created using bamboo, that is distinctly different from wood. However 
several problem still remain, particularly for making large flat surfaces like floor, wall or 
furniture that easy to be maintained or cleaned.  
 
 The discovery of modern methods in processing bamboo allows all forms and 
construction of wood can be imitated using bamboo. In this chapter, the study on bamboo 
related to design development is about its current method applied in processing. As already 
explained in the introduction, it is important to understand the bamboo as raw material for 
making products. Bamboo, like every other material, has its own characteristic, and it 
should be understood through its natural properties before utilizing it. After manufacturing 
into new products, there are several new properties appearing as a result of the 
modification process. The modern utilization of bamboo through engineering methods 
offers a new appearance of bamboo products and enriching the type of product. Applying 
typological analysis on current products of engineered bamboo available in the market lead 
to understanding on how the new processing method can be used to manage the visual 
properties of bamboo to create a design with a visual impression.  
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1.1 The Characteristics of Bamboo 
 
There are many different kinds of materials for making products or buildings, 
whether organic or non-organic, natural or artificial. Included in the category of natural 
organic material are; wood, bamboo, rattan, leather and so forth. Each of the material needs 
to be treated differently when used for making products. Between bamboo and wood both 
have similarities in their physical properties which tend to be heterogeneous and 
anisotropic. However, there are significant differences in terms of morphology, structure, 
and chemistry. The composition between them shows differences in certain 
physicomechanical properties. Compared to wood, bamboo has greater strength, great 
toughness, and high rigidity [25], and can be processed using modern method like applied 
on wood.  
Physical Properties of Bamboo 
There are differences in physical and mechanical properties between one to another 
species of bamboo. The properties cause the bamboo to be utilized for different purposes 
depending on the need for strength and aesthetical reasons. However, there is only the 
outer skin or cortex that tend to be exposed differently for aesthetical reasons, since several 
of bamboo have specific features showed on the cortex such as Bambusa Maculata (figure 
1.1), and Bambusa Vulgaris (figure 1.2) in yellow color with green lines. Nevertheless, all 
the culm wall of bamboo species have the same visual appearance that it is different from 
the wood species with so many variation grain pattern between one to another. To exhibit 
the beauty of bamboo in many variations, an arrangement and modification of the visual 
properties need to be taken in creating a product. The natural visual properties are caused 
by its nature of physical or anatomical properties that receive by our visual perception. 
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Therefore, in this chapter, the visual properties of bamboo in its natural form is an 
exploration of its physical properties.  
 
  
 
Figure 1.1 Bambusa Maculata (Tiger Bamboo),  
before harvested (left) and after dray (right). 
 
 
 
 
Figure 1.2 Bambusa Vulgaris (Yellow Bamboo) 
 
In general, there are two types of bamboo related to the rhizome system; sympodial 
bamboo and monopodial bamboo (figure 1.3). In a tropical country like Indonesia, there 
are only sympodial types that grow. In contrary, there are mostly monopodial types of 
bamboo growing in the sub-tropic country. Physically, bamboo characterized by an 
anatomical structure of culm as showed in figure 1.4. For the bamboo product that created 
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without hiding the bamboo surface, identification of the culm structure is also important in 
considering the aesthetical aspect of the product design. 
 
  
Figure. 1.3 The Sympodial system with short rhizomes (left) 
and the Monopodial rhizomes (right). 
 
 
  
Figure 1.4. Anatomical structure of bamboo culm (left) 
and it's cross-section (right) 
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Figure 1.5 Peeled bamboo  
and node detail 
 
 
Figure 1.6 Split bamboo  
and node detail 
 
In a basic form, when the bamboo culm is cross-cut, it will result for an expose of 
vascular bundle formation as shown in figure 1.4 right, but when the bamboo is peeled and 
split, there will be two kinds of visual features as shown in figure 1.5 and figure 1.6. The 
bamboo nodes show two different appearances saw from the peeled surface and cut view.    
The physical properties of the bamboo culm, especially that directly contribute to 
product visual appearance can be modified in several methods whether traditional or 
modern, such as changing its color or texture. Basically, the process on bamboo is intended 
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to increase its mechanical properties or aesthetic value of the finished products. In this 
study, there is only the aspect correlated with the visual appearance that will be elaborated.  
 
1.2 Modern Utilization of Bamboo 
 
Studies on the utilization of bamboo as a raw material for a wide variety of products, 
including construction materials, have been intensively conducted over the last decade, 
primarily because bamboo is considered to be a renewable, and thus sustainable, material 
resource. Since its growing characteristic of bamboo compare to wood, several scholars 
recommend to use bamboo as a substitute to construction materials as proposed by Atanda 
2015, Flander 2005 and Nurdiah 2016 [4-6], and also to substitute wood in furniture 
industries, considered the increasing of deforestation as studied by Anokye 2016 [7]. In 
fact, it is possible that bamboo could replace a variety of materials that do not support a 
sustainable environment, and thus fill a particularly important role in meeting future 
human needs as a substitute for wood in housing construction and other building projects.  
In the face of increasing demand for raw materials for housing and other forms of 
construction as well as increasing concern regarding decreasing forest areas, it is felt that 
bamboo-based materials can help to bridge the gap between demand and supply. Even in 
its original form, bamboo is potentially the eco-friendliest building material available [8]. 
Despite this reality, bamboo utilization in building construction is still within small to 
medium scale, and most of the raw bamboo currently harvested is used to create small 
products [9].  
As is widely known, regarding the traditional use of bamboo. The image or 
perception that was formed about bamboo, is that it could only be used structurally for 
temporary buildings. The community views bamboo as a building material for the poor or 
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so-called “wood of the poor” [10]. Thanks to the emergence of new technologies in 
processing bamboo, there are opportunities to optimize this abundant natural resource 
through the creation of new products that are expected to change people's perceptions of 
bamboo. The technology used to process bamboo today is very diverse; techniques for 
preserving, cutting,  laminating, including for extracting the bamboo fiber. The mechanical 
quality of the bamboo can be improved while creating a new design aesthetically by 
engineered bamboo technology. From the current usage, with more advanced techniques, 
we can get the power of bamboo that is embedded.  
The Engineered Bamboo 
Current bamboo processing technologies are roughly equivalent to their wood 
processing counterparts. In wood-related industries, there is a particularly well-known 
product class called engineered wood that has been matched by a bamboo industry 
equivalent known as engineered bamboo. In fact, there is an abundance of products with 
more or less identical names. Even there is a name wrongly used by just add the word 
„bamboo‟, in front of already popular material, like „bamboo plywood‟. Seen from the 
surface, often the only difference between wood and bamboo products is the appearance of 
their respective fibers. However, the processes used to transform bamboo into paneling 
sheets require several more stages than wood processing, and it is from such processing 
technologies that bamboo produces its unique look, which is different from wood. 
The processing technologies used in engineered bamboo industries can produce 
many different surface types, which become one aspect of bamboo products company to 
attract more consumers in the market, whether in a “ready-to-process” material form or as 
a “ready-to-use” product. However, unlike engineered wood, engineered bamboo is seldom 
mentioned in international standards and lacks universal nomenclature for its products and 
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constituent elements [11]. Nevertheless, the bamboo base products are as many as wood, 
and the products that are still under development have the potential to replace all wood 
products which can only be seen as a significant advantage in terms of future construction.  
 
1.2.1 Engineered Bamboo Types 
 
The typological analysis method is used here to explore and develop new design 
possibility based on the existing products by stimulating progress and innovation. 
Literature-based designs that more or less, directly result from accumulated research 
knowledge may be seen as design typology contributions [12]. The basic definitions and 
innovation types (sometimes referred to as „shapes‟ or „typology‟) can be defined as “the 
implementation of new or significantly improved products (goods or services), processes, 
marketing methods, or new organizational methods in business practices, workplace 
organizations, or external relations” [13]. Thus, the typological analysis of engineered 
bamboo product surfaces is important in design practice, since it is directed to explore any 
possibilities for making product development, base on available techniques. 
As explained above, engineered bamboo products can be defined as objects made of 
bamboo that has undergone processing, primarily to produce consistent and straight-edged 
materials. In such processing, the original bamboo culms, which are round and irregular, 
are modified into different shapes with better mechanical properties [14-15]. As a result, 
the engineered bamboo acronym is now used in reference to a wide variety of reconstituted 
composite materials and products. The process essentially involves first breaking down 
whole culms into smaller pieces and then gluing them together into composite panels or 
dimensioned stock using the same modern adhesives that are common to the wood industry 
[11, 16].  
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Market research has shown that the terminology used for engineered bamboo 
products are synonyms for their engineered wood counterparts, primarily because their 
manufacturing methods are so closely related to those of the wood processing industry. In 
the bamboo industry, a variety of names are utilized for final engineered bamboo products 
that are often similar in nature, but which have different compositions or which require 
different manufacturing processes [11]. Generally speaking, the manufacturing process 
provides the foundation for the name given to products, although in some cases different 
names are given to the same products. The names of most engineered bamboo products 
currently on the market are based on the technical processing used or the products‟ 
constituent elements. Using the term engineered bamboo for such products provides a way 
to call specific attention to their use as building materials. However, it also can be used to 
name the material of a finished product.  
For example, a bowl made of laminated bamboo will sometimes be called a 
laminated bamboo bowl while a bowl made of bamboo fiber will be called a bamboo fiber 
bowl. The engineered bamboo categorizations in this paper follow the proposals outlined 
in Liu et al. [6], with a few modifications added to permit inclusion of a wider variety of 
product types including flattened bamboo (FB) [17, 18,19], laminated bamboo (LB), 
densified bamboo (DB), and bamboo board (BB). Based on the collected data, these sub-
categories (products) are sometimes assigned different names by the company or seller, 
even though they have been created with the same processes and same raw material units. 
Since the manufacturing process determines the way in which a product is shaped 
or modeled, we separate it from the finishing processes in this study, which is the final 
production step. As described in table 1.1, there are eight engineered bamboo product 
categories that have been separated into four groups. The basic component of the 
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engineered bamboo, which are called bamboo constituents, while they are being processed 
into final products results in different surface appearances. 
For example, LB is created by gluing and pressing bamboo strips into two or more 
layers [15, 20], while DB (also called scrimber) is produced by crushing and compressing 
bamboo bundles to a final density of 1200 kg/m
3 
or more [11, 16]. Meanwhile, the BB 
referred to Liu et al., involves compressing bamboo flakes, particles, or woven mats to 
make boards [11], and FB is a rather new engineered bamboo method, in which the 
bamboo cortex is left unpeeled and then glued and compressed to make paneling [18]. 
Bamboo can be used in half a piece or by making grooved niches in the cortex to produce a 
flat shape. 
Table 1.1 Engineered bamboo product categories. 
PRODUCT CATEGORIES OTHER NAME(s) CONSTITUENT UNIT 
Flattened bamboo (FB)  Raw bamboo wall 
(thickness: 8 mm) 
Laminated bamboo (LB)   
Laminated bamboo Bamboo glulam Bamboo strip 
(width: 15-20 mm, thickness: 
5-8.0 mm) 
Laminated bamboo sheet Bamboo plywood Bamboo strip or veneer 
(thickness 0.6-1 mm) 
Densified bamboo (DB) Bamboo scrimber, strand-woven bamboo, 
reconstituted bamboo, bamboo restructured 
lumber, parallel strand woven lumber, laminated 
bamboo bundle lumber, bamboo steel, bamboo 
stone 
Bamboo bundle 
(width: 10-30 mm, thickness: 
1-10 mm) 
Bamboo board  (BB)   
Bamboo fiberboard   Bamboo fiber  
(⌀15-20 m , length: 1.5 mm) 
Bamboo mat board  Ply bamboo, Bamboo-curtain plywood, Bamboo 
plywood, Bamboo-mat woven plywood, 
Bamboo mat plywood, Bamboo mat corrugated 
plywood 
Bamboo sliver 
(width: 5-30 mm, thickness: 
0.5-3.5 mm, variable length) 
Bamboo oriented strand 
board  
Bamboo-flake board Bamboo chip 
(width: 10-30 mm, thickness: 
1-3 mm, length: 30-50 mm) 
Bamboo particleboard.  Rough or fine particles of 
bamboo (75 µm and 1 mm) 
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1.2.2 The Surface Appearance 
There are differences among engineered bamboo products and manufacturing 
processes because the use of different bamboo components, that results in different surface 
appearances. In this study, surface appearance is defined as the visual characteristics of the 
engineered bamboo surface, which is often shown/exhibited at the front surface of either a 
semi-finished product like paneling and lumber or as finished products like furniture and 
utensils. Since the aesthetic aspect is just as important as the functional aspect of the design 
role, the bamboo constituent units should be considered as factors that result in the final 
product aesthetics. Some engineered bamboos are products created in ways to generate the 
same surface appearance but actually involve the application of different processes and 
techniques with different resulting mechanical properties. However, all engineered 
bamboos use the same general manufacturing principles, which are based on the use of 
adhesives and the application of pressure [11, 16]. 
Generally, engineered bamboo manufacturers explain their product by mentioning 
the visual properties such as the grain type, color, texture, or pattern. Photographs showing 
visual surfaces are often the primary feature used to attract buyers. This shows that the 
visual surface characteristics of a product are extremely important, which is why that topic 
was adopted as the typological analysis theme of the study. By focusing on the 
identification of engineered bamboo product surfaces, study samples can be grouped in 
four different ways. Every group has several types, which are determined by the product 
variants currently on the market. Companies generally exhibit these types through 
photographs or describe their visual properties in their product flyers. 
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Table 1.2. Engineered bamboo product surface types  
 
 
 
 
 
Whether in the form of building materials, components, or ready-to-use products 
such as furniture or kitchen utensils, surface differences can be identified and grouped by 
a) grain compositions, b) color treatments, c) pattern designs, and d) exposed layers, as is 
summarized in table 1.2. It explains that there are four engineered bamboo visual surface 
classification groups in the eight different product categories. It also shows that some 
products have surface types that are the same as those of other products. Furthermore, it 
can be seen that all engineered bamboo products appear in at least two type groups. One 
example of this is FB, which, in addition to having a cortex exposed surface, can also have 
a particular color variant. 
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Figure 1.7 Surface group types. 
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Figure 1.7 in the previous page, shows each surface variation group and its types or 
members, along with sample photos. Note that each colored bamboo sample photo is only 
provided as a representation of its type within a group. When correlated with other 
classifications, significantly more variations will result. All of the engineered bamboo 
products appear in at least three basic color variants because of carbonizing or bleaching 
that can be used for any engineered bamboo product. Traditional bamboo preservation 
method such as smoking and limewater-immersion are sometimes also applied in order to 
create a more natural look effect, even though the result in preservation not as good as 
using chemical. they have the potential to shorten product age.  
 
 It has been found that LB products have the most varied surface appearances with 
10 types of surface appearance. The classification of surface types based on grain 
composition is considered to be the most important or primer classification since it is the 
direct result of the manufacturing process that indicates the most significant differences 
among engineered bamboo products. The two other classifications are considered 
secondary, as they result in a much wider range of variations. For example, the effect of 
carbonization that results in color changes can produce a wide range of brown shades, and 
the variations of two-dimensional (2D) pattern could be thousands. Thus, these 
classifications will not be discussed in this report. 
 
a. Grain composition variations 
The first and most significant type of surface difference is the diversity that is based 
on grain composition. Flat, edge, and cross-section grains are produced by using different 
bamboo strip formations in the laminating process [21], while the basic form of the 
bamboo constituent used as the raw material causes four other types. It should be noted 
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here that LB has an advantage in terms of controllability or manageability for surface 
design modifications, especially as related to grain coloration. The stranded and cortex 
exposed types are more natural looking but permit little modification, while the appearance 
of non-grain surfaces can only be modified by coloring and surface molding. 
 
   
Figure 1.8 Bamboo products with different surface types 
 
Figure 1.8 shows three surface type grain composition variations of the same 
product. Here, we can see edge grain, and cross-sections made via LB, along with a non-
grain surface bowl made from bamboo fiber. 
b. Color treatment variations 
In engineered bamboo manufacturing, some bamboo treatments not only effect on 
product durability but also improve visual attractiveness. For example, carbonization not 
only helps preserve the material, but it also can be used to change the bamboo color along 
with a range from light to dark brown [22]. Additionally, the bleaching technique can be 
used to impart better color by making the bamboo whiter than its original shade. Other 
methods have been traditionally used to obtain different colors [23]. Nevertheless, some 
industries do not apply any treatments or even use traditional methods to make the bamboo 
coloring look more natural, even though this results in more uneven color composition and 
exposed knots. Of course, there is a limitless range of color types overall. 
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c. Pattern design variations 
Certain patterns can be applied to engineered bamboo products in order to change 
their natural appearances to traditional, modern, or other desired looks. The method used to 
produce patterned engineered bamboo involves weaving bamboo to produce a 2D 
patterned surface or using engraving to produce a three-dimensional (3D) patterned surface. 
For bamboo fiberboard or other products made of bamboo fiber, 3D pattern types are 
generally created during press molding.  
d. Layer variations 
Since engineered bamboo in furnished products such as furniture or interior 
accessories sometimes shows the layer sections to enhance product attractiveness (figure 
1.9), it is important to consider the layer section as a part of the design process. There are 
single and multi-layer surface types that can be incorporated into designs to provide 
accents to the product. 
 
Figure 1.9 Table countertop with edge exposed to reveal the layer 
formation, (Photo by Totally Bamboo). 
 
e. Surface appearances of finishing techniques  
Unlike the process that results in surface appearance variations through the shaping 
of an engineered bamboo product, the finishing techniques used to vary surface appearance 
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types normally provide final touches to products that do not change either the material 
composition or the product shapes. However, finishing techniques provide their own level 
of charm to product design. In engineered bamboo industries, finishes are generally applied 
to create a desired visual surface appearance on a product via coloring by chemicals 
(transparent or solid color) and texturing, whether by hand or machine. 
Transparent coloring can be applied onto all types of engineered bamboo surfaces 
in order to produce color changes while still showing the grain or fibers below it. Solid 
colors can also be applied onto all surfaces but will change and hide the surface entirely. 
Market research has shown that a number of products utilize combinations of both solid 
color finishing and transparent staining. However, since both the color and texture 
variations created on bamboo surfaces during the finishing process are limitless, an in-
depth examination of those factors are not be explained in this report. 
 
1.2.3 Design development through surface appearances 
All of the engineered bamboo products that have been classified into various types 
based on their visual surface appearances have the potential to be developed further so that 
they can contribute to the final aesthetics of the products. At the manufacturing (shaping) 
level, such modifications can be imparted to the bamboo constituent properties in one or 
more of the processing stages. This ability to change the visual properties of constituent 
material, such as its color, size, or composition, provides more alternatives in product 
design. 
Figure 1.10 shows an example consisting of a simple change made to a strand-
woven bamboo product through the bamboo-bundle color combination. The left side shows 
a strand-woven surface made of a single carbonized bamboo bundle, while the right side 
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shows a strand-woven surface created with a combination of carbonized and bleached 
bundles pressed together. 
 
 
 
 
Figure 1.10 Regular surface of a strand woven bamboo (left), and strand-
woven bamboo tiger surface (right). 
 
In engineered bamboo products manufacture, shaping for a final product uses 
techniques that generally the same as those used in woodworking such as veneering, 
turning, carving and bending. Molding technique is also applied to both bamboo and wood 
fiber. Engineered bamboo products are now proving their suitability for manufacturing use 
alongside wood products. Therefore, when developing new products using engineered 
bamboo components, designers should consider the applicability of various shaping 
methods base on the basic elements (constituent unit).  
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Table 1.3 Applicability of surface modifications 
 
                    *CU: Constituent Unit 
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Table 1.4 Applicability of surface modifications (continued from Table 1.3) 
 
                  *CU: Constituent Unit 
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Engineeered bamboo products such as playbamboo, laminated bamboo panel or 
other form of bamboo board are ready to be used for making product, just like playwood. 
However there are other ways to make product directly from the raw material of bamboo 
or so called the bamboo constituent unit like bamboo strip, bamboo sliced or bamboo chips. 
At this point, bamboo elements in strip form are applicable to numerous shaping methods 
including mold-bending, lathe turning, carving, and veneer slicing. Bamboo strips also 
provide the most convenient way to modify the size, color combination, or composition 
arrangement of a surface creation. Table 1.3 and 1.4 describe the seven bamboo 
constituents unit generally used for making a product or building material, along with their 
potential to create design alternatives through surface appearance modifications. Although 
Bamboo flake-board and particleboard are generally produced for building material 
applications [24], they also have the potential for use in the development of finished 
surfaces if provided with suitable component modifications (flakes and particles). 
The current engineered bamboo product development identified using the 
typological analysis of the surface appearance shows the change of bamboo from it's 
original round or curve shape into more varied appearance. Through the manufacturing 
processes, which mainly uses adhesives and compression, the seven constituent unit of 
engineered bamboo identified herein provides seven-grain types as the primary categories. 
The secondary categories are created through color variation as the impact of treatments 
(bleaching and carbonizing), as well as the design pattern application. The analysis shows 
that LB has more potential surface modification variability than other engineered bamboo. 
Its diversities (10 variations in 4 surface categories) are created by manipulating its 
constituent (bamboo strip) through color treatment combination, strip size, strip position, 
distance variation, 3D patterning, and the layer formation. 
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CHAPTER 2 
Laminated Bamboo by The Small and Medium Enterprise  
in Java, Indonesia 
 
The utilization of bamboo through modern processing in making products or 
building construction has proven to lead to a diversity of visual appearance, in addition to 
increasing of its mechanical properties. As explained in the previous chapter, it was found 
that from a variety of modern bamboo processing techniques, laminated bamboo offers the 
most visual appearance diversity. Apart from modification through its basic elements 
(constituents), it can also apply coloring and engraving. Another advantage of laminated 
bamboo from other types of engineered bamboo is that a simple technique or low 
technology can be used. So that it can be produced by a small and medium enterprise or 
craftsmen having a low of capital. 
In this chapter, it will be a discussion on how small-scale enterprise of laminated 
bamboo in Indonesia, especially in Java, create laminated bamboo products. This study is 
important to understand the potential for product design development that can be done 
based on the available resources and capabilities. 
2.1. Laminated Bamboo Fabrication with Low Technology 
To optimize the use of bamboo as a material for building and commercial products, 
the laminated bamboo industry has found numerous ways to substitute other materials such 
as steel, plastic, and even wood. Principally laminated bamboo is a material made by 
flattening bamboo culms, which are then stacked and glued to form a composite laminate. 
Use of this technology solves problems related to the natural form of bamboo stalks, which 
are round and hollow, and which tend to be difficult to use in construction. However, 
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lamination techniques have impacts in terms of cost, manpower, and the high-technology 
equipment required for hot pressing, which are definite obstacles for small industry. In 
addition, the lamination process requires abundant energy because of the high temperatures 
used in the hot press technique. 
The development of adhesive technology has enabled the use of special types of 
non-heating adhesives for wood and bamboo materials with excellent strength. A number 
of research have been conducted to explore the use of non-heating adhesive for making 
laminated bamboo combined with compression technique [1,2]. This method is referred to 
as a simple technology of bamboo lamination because it can be applied with simple 
equipment at low cost. With those points in mind, it is thought that the success of 
fabricating laminated bamboo using low technology provides a unique opportunity for the 
small industry to develop laminated bamboo-based products, even though such fabrication 
would inevitably face limitations, especially in terms of quality and production speed. 
Accordingly, it is felt that small industry needs to pay attention to improving the quality of 
design and finishing techniques that can be an added value to its product, and which will 
help them compete in the market. In this chapter, therefore, it is an exploration to identify 
the capabilities of the SMEs in creating laminated bamboo products for further 
development based on the resources that are available for production. 
 
2.1.1. Fabrication Process 
In a big industry, laminated bamboo fabrication techniques involve the use of high 
technology for converting bamboo culms into materials. For creating a mass product of 
good laminated bamboo requires a sizeable industrial base due to the high temperatures, 
compressive strength, and automatic devices needed to handle the manufacturing processes. 
At the commercial level, the machinery required for laminated bamboo production covers 
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a wide technological area that includes electrically heated steam softening boxes, stripping 
machines, planers, drying and setting machines, oblique planers, bamboo cutters, sizing 
machines, and sliver cutters [3]. In contrast, small and medium enterprises (SME) use 
simple hand tools and manually operated machines (primarily clamps) to make laminated 
bamboo [1, 4]. The other significant difference is that low-technology laminated bamboo 
producers use widely available and economical commercial adhesives. Although the high 
quality of the product can be achieved by the big company through its technological 
advance, in the aspect of product variation design, the small company can create a more 
diverse design and product types since they support for a small quantity of production with 
lower cost. The low cost production in SMEs enable them to do more creative in creating 
new products through design experiment.  
 
Figure 2.1 Small-enterprise LB fabrication process 
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Based on field observations and information provided by laminated bamboo 
business owners (SMEs), the manufacturing process generally follows the sequence of 
steps (figure 2.1), although it should be noted that not all steps are needed in every product. 
The general procedures for processing laminated bamboo also can be found in reference to 
[4, 5], and can be compared to traditional non-laminated bamboo processing [6]. 
 
2.1.2. Raw Materials 
Bamboo has traditionally been used as the primary raw material for numerous 
products, and as a primary material in buildings, in all cultures of the Indonesian 
archipelago, which include Sumatra, Java, Bali, Kalimantan, Sulawesi, Nusa Tenggara, 
and Papua [7]. This is evident in the fact that, among the three small enterprises examined 
in this research, many traditional bamboo craftsmen still exist and utilize the bamboo 
around their villages, just as their ancestors did. The are five species of bamboo listed 
below (table 2.1) are commonly used by traditional craftsmen in Java, and are also 
preferred by the small laminated bamboo-based enterprises examined in this research: 
 
Table. 2.1 Bamboo species used by SME/Craftsman 
 
No Species Local name 
1 Dendrocalamus asper  Bambu Petung 
2 Gigantochloa  atroviolacea Bambu Wulung/Bambu Hitam 
3 Gigantochloa apus Bambu Apus 
4 Gigantochloa ater Bambu Ater/Bambu Legi 
5 Gigantochloa verticillata Bambu Temen 
6 Bambusa blumeana spini Bambu Ori/Bambu Duri 
 
The differences among the bamboo species used for making laminated bamboo is 
correlated with the functional aspects of design, particularly their mechanical properties. 
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Those properties have already been studied by various researchers, by examining 
laminated bamboo lumber, some of which are mentioned in the previous chapter. Among 
the six types of bamboo, Bambusa blumeana spini (Bambu ori), is the most durable among 
others but is too hard to work on. it should also be noted that blumeana stems sometimes 
grow in curve shapes that make it more suitable to be used in the natural-style furniture 
produced by traditional craftsmen than to be laminated. The asper black, a variety of 
Dendrocalamus asper that grows in Java, is one of favorable bamboo that used to be made 
for furniture.   
When evaluating the usability of bamboo species by small enterprises, it is 
necessary to consider the data of mechanical properties based on craftsmen experience. 
Such craftsmen have already expressed preferences for particular species, such as 
Gigantochloa apus (MOE 101000 kgf/cm
2
, CSP 504 kg/cm
2
) when they make beams, 
columns, or furniture parts that require particular structural considerations. However, if 
Gigantochloa apus is unavailable or too costly, Gigantochloa atroviolacea (MOE 99000 
kgf/cm
2
 CSP 489 kg/cm
2
) will be selected. In contrast, when fabricating small products, 
they use any of the bamboo species available, and will sometimes even use multiple 
species in a single product. 
When fabricating LB, the outer wall (cortex) of the stem is generally unused. 
However, as reported by researchers at RWTH (Rheinisch-Westfälische Technische 
Hochschule) Aachen University Institute of Structural Mechanics and Lightweight Design, 
the cortex is the most heat-resistant part of a bamboo stalk, primarily due to its high silicate 
acid content. When bamboo culms that are full of water are exposed to flame, they can 
withstand temperatures as high as 400°C due to the water boiling inside [8]. Thus, attention 
should be paid to the use of bamboo cortex material when designing fire-hazard areas in 
buildings. 
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Another aspect requiring consideration is that as it dries, the cross-section of a 
bamboo surface shrinks between 10% and 16%, while the wall thickness shrinks between 
15% and 17% [9]. To avoid cracking, this high shrinkage rate must be well managed in the 
drying stage, as well as when used in applications associated with low environmental 
humidity. 
 
2.1.3. Bamboo Preparation 
The sequencing process of laminated bamboo fabrication, explains the steps that 
small enterprises applied when fabricating their bamboo products. Nevertheless, the actual 
steps used will depend on business conditions such as raw material availability and 
customer preferences. Frequently, but not always, Steps 1 and 2 are not carried out in small 
enterprises because they do not own their own bamboo plantations. Thus, the small 
bamboo enterprise owners in this research normally prefer to buy bamboo from suppliers 
around their workshops or from other villages. 
Generally, the bamboo culms should be divided into strips before the preservation 
procedure is conducted. At this step, since bamboo species have different thicknesses, the 
culms size should be considered in order to determine the proper number of splits. Thus, 
bamboo craftsmen or workers must first check the bamboo thickness and choose the 
splitter tool to be used or split the culms directly using a bamboo knife and make size 
adjustments before beginning the flattening step.  
During splitting, the workers select and change the splitter knife in considering the 
project they engage. Many prefer to use traditional bamboo knives or machete (figure 2.2 
right) because they can be used with great precision, but when a project needs more 
production speed, they may use a radial knife for splitting [6], as shown in figure 2.2 left. 
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In a more modern workshop, splitting machine is used with a radial knife attached at the 
front of the machine (figure 2.3). By changing the circular knife bamboo culms of any size 
can be split into strips faster.  
 
 
 
 
Figure 2.2 Radial knife (left) and splitting machete (right) 
 
 
  
Figure 2.3. Splitting machine (left) and final result (right) 
(Photograph by Indonesia Bamboo) 
 
After splitting, the cortex is normally removed before flattening. However, 
sometimes splitting is conducted after cortex removing if manual tools for peeling is used. 
In some cases, the cortex even left in place to retain the elastic strength of the bamboo, for 
example in making laminated bamboo timber. Although an untreated surface appearance of 
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the result will expose, the method makes the process more efficient and better in 
mechanical properties  [10]. 
Following the cutting and/or splitting processes, the bamboo culms should be 
allowed to dry under the sunlight for a couple of days in preparation for the preservation 
process (step 4). The process of drying bamboo culms or strips is one of the weaknesses in 
small-enterprise production control because it relies on sunlight. Additionally, there is no 
accurate measurement process that can be used by small enterprises to minimize shrinkage 
in their products, particularly during the pre-lamination drying procedure. Note that the 
drying process is actually the first part of the preservation process and is primarily 
conducted to make it easier for the chemical preservative solution to penetrate the bamboo. 
In the medium- and large-scale bamboo enterprises, temperature, and humidity controlled 
kilns are commonly used to dry bamboo culms because they minimize cracking. 
2.1.4. Bamboo Preservation 
The preservation process is conducted primarily to increase durability levels by 
reducing the bamboo’s susceptibility to fungi and insect attacks over time. There are many 
traditional preservation methods that are still used by traditional bamboo craftsman today. 
The differences between traditional preservation methods and modern methods lie 
primarily in the use or avoidance of modern chemical preservatives. In the preservation 
process, starch is reduced and gummy substances are extracted. This causes the bamboo 
culms to turn an even, lustrous ivory color. There are two methods that can be used in this 
step: dry and wet. In the dry method, the new bamboo culms are heated evenly at 120°C to 
150°C for 20 minutes, this causes that the water and gummy residue to emerge where it 
can be wiped off with a dry cloth.  
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Figure 2.4. Preservation by immersion (left) and drying (right) 
 
In the wet process, the bamboo is kept immersed in boiling water for 1 to 2 hours, or 
soaked in a caustic soda (0.2-0.8%) or sodium carbonate (0.2-1.2%) solutions for 10 to 15 
minutes. After immersion, the bamboo surface is wiped with a dry cloth [6]. All of the 
small laminated bamboo enterprises in this study utilized the wet method (figure 2.4) for 
preservation, but used 2.5% of Borax solution as a preservative because it is less expensive, 
widely available in the market, and more environmentally friendly, especially if the 
bamboo waste is burned to boil the solution [11]. 
Small LB enterprises rarely use the dry preservation method because the cost of 
production is higher than that of the wet method. Furthermore, oven drying can cause the 
bamboo to crack easily [8]. Whether before or after preservation, the use of sunlight for 
drying is preferred, even more, time is needed to dry the stem to reach moisture content 
(10-15%). Thus, the oven drying method only carried during the rainy season or in cases of 
order overloads. As an illustration of one special case, Dendrocalamus asper bamboo is 
difficult to dry and extremely susceptible to splits. Hence, it needs a mild drying schedule 
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and drying time of 13 days for the middle part of the bamboo culms and more than 16 days 
for the base part [12]. 
2.1.5. Flattening and Cutting 
Bamboo strip flattening and the following two stages are the main specific 
treatment, that makes up the lamination process and what differentiates modern practices 
from traditional bamboo production methods. Principally, before the synthetic glue is 
smeared on the bamboo strips, the surface should be clean, flat, and evenly sized. In 
bamboo workshops, the flattening process is normally done with a stationary planer 
machine. Small LB enterprises normally consider ownership of such a machine to be an 
essential business requirement (figure 2.5). If it was not done during the preservation step, 
the bamboo cortex should be removed at the beginning of the flattening process. In small 
enterprises, cortex removal is generally performed using a traditional knife. To obtain a 
rectangular shape, it will be necessary to shave off portions of the bamboo strip during the 
flattening process. In addition to species, bamboo culms are normally classified by 
diameter and wall thickness in order to make more efficient in using the material. 
 
 
  
Figure 2.5. Using a planer to produce flattened bamboo strips 
(Photograph by Indonesia Bamboo) 
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The bamboo culms that generally used in Java for craft products (table 2.2) show 
varied physical characteristics [13, 14]. Small enterprises generally classify bamboo culms 
based on diameter before they are stacked in the material warehouse, but they may be 
classified in other ways before flattening due to wall thickness differences. 
 
Table 2.2 Culm parameters. 
Bamboo species 
WL 
(mm) 
D 
(cm) 
IN 
(cm) 
L 
(m) 
Dendrocalamus Asper 11-36 8-20 30-50 20- 30 
Gigantochloa Atroviolacea 5-8 6-8 30-50 8-12 
Gigantochloa Apus 6-13 4-13 20 -45 8-22 
Gigantochloa ater Up to 8 5-10 40-50 up to 25 
Bambusa Blumeana Spini up to 30 up to 20 25-60 25 
               Note: WL: Wall thickness, D: Diameter, IN: Inter node, L: Length 
 
Sometimes different bamboo species are used to obtain an even wall thickness 
without considering the different mechanical properties of the species selected. The cutting 
process in this stage involves adjustments to meet product shape requirements before the 
laminate is applied. For bamboo parquets or planks, 60 to 100 cm-long strips will be 
necessary, depending on the design, although a cutting process could be performed after 
lamination. 
 
2.1.6. Surface Treatment 
Surface treatments are normally applied for aesthetic reasons, but certain 
techniques provide an added value of improving insect resistance. However, it should be 
noted that some treatments can slightly lower the bamboo strength [15]. For example, in 
the research conducted by Sulastiningsih, in which 15% hydrogen peroxide (H2O2) was 
used in bamboo strip bleaching, it was found that the laminated product tended to be lower 
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in both compressive and flexural strength. In the subsection below, we discuss some 
alternatives of surface treatment method that is commonly used by the LB industry to 
improve surface appearances. 
Bleaching 
Bamboo bleaching is conducted to brighten the strips and give them a flat white 
color. Bisulfite is the chemical most commonly used for that purpose. In this treatment 
process, it is either applied to the surface by brush or the entire strip is immersed in the 
solution for a few minutes. In the immersion techniques, attention must be paid to the time 
duration, so that the strength of bamboo strips is not impaired. For decorative applications, 
it is better to bleach the bamboo strips before dying or using another coloring technique, 
because it will allow the color to be absorbed uniformly. The small enterprises examined in 
this study rarely use bleaching for their products. 
Dyeing 
There are two kinds of coloring dyes: chemical and natural. Chemical dyes are 
generally longer lasting and more brilliant in color than natural dyes. Natural bamboo dyes, 
on the other hand, are created by traditional craftsmen utilizing plant material indigenous 
to their area [6]. In this study, one of the small enterprises reported using dyes for product 
coloring when requested by the customer. Craftsmen prefer commercial color agents made 
from the chemicals that are usually applied to textiles. First, the colorant is boiled in water 
and then the bamboo strips are immersed for about 10 minutes. The same technique is used 
when coloring textiles using the traditional batik method on Java Island. It is also used by 
wood batik craftsmen in Yogyakarta for coloring wood after a wax resist pattern has been 
applied. The method is considered to be suitable for coloring bamboo since it also consists 
of natural fibers. 
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Carbonization 
Carbonization, sometimes called caramelization, is used to change the sugar in 
bamboo culms into brown caramel. Unlike the dye techniques, which only change the 
surface of the bamboo strips, carbonization imparts a rich brown color throughout the 
entire strip. Thus, carbonized bamboo can be cut, sliced, and put together in different ways 
without producing a color mismatch. In the carbonization process, the bamboo culms or 
strips are placed inside a steam boiler for about 20 to 30 minutes at 5 kgf/cm
2
 pressure and 
at a temperature of 150°C. This results in the bamboo obtaining a uniform brown color [6]. 
Unfortunately, since this method is costly, it generally cannot be supported by the small 
LB industry. As a substitute, they use a smoking technique to both darken and preserve the 
bamboo. However, like the bleaching process, carbonization and caramelization tend to 
weaken the bamboo [4]. This means that the resulting product scratches more easily than 
non-carbonized bamboo. In addition, the high heat of the steam breaks apart some of the 
fibers, which results in a more pliable material with slightly reduced hardness. 
Acid Treatment 
Another treatment is using hydrochloric acid (HCl) to impart a dark brown effect 
on the bamboo surface. In this technique, the cortex is first removed and the HCI is then 
brushed over the bamboo surface. The treated pieces are then left outside to dry in the wind. 
To obtain a dark brown color, the bamboo should be put in an oven. Treating the culms 
with copper sulfate will impart a green color onto the bamboo that also protects it from 
mold and other fungi [8]. 
2.1.7. Lamination 
The lamination process is the stage that differentiates laminated bamboo from 
traditional bamboo products. These products are referred to as engineered bamboo. In this 
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step, two important things combine to transform the bamboo strips into a laminated 
product: the adhesive and the pressing. In some cases, this step also includes a shaping 
process in which the form of end product is result of compression using a certain molding. 
In other method, the shaping process is conducted after lamination is complete, for 
example in engraving, turning ect. For the best result of product and time efficiency, a 
correct adhesive will be combined with the hot press technique. Of course, this method 
requires more sophisticated technology and consumes more energy. 
In contrast, using the cold press for laminated bamboo, products can be 
manufactured at low cost and energy without detracting from the bamboo strength, even 
when they are used for structural applications [1]. When using this lamination process to 
produce LB boards, LB sheets are first produced by placing bamboo strips side by side and 
edge-gluing them using tannin resorcinol-formaldehyde (TRF) extracted from black wattle 
(Acacia Mangium Wild) bark mixed with wheat flour. Next, the finished sheets are stacked 
on top of each another, keeping the grains parallel and gluing with the same adhesive. The 
finished board is then subjected to cold pressing for 4 hours [15]. Another experiment 
conducted by Sulastiningsih involved the use of a different adhesive, urea formaldehyde 
(UF), with cold pressing. That experiment was conducted to verify that no delimitation 
would occur during the specimen test [16]. 
The small enterprises examined in this research all conduct lamination using the 
cold press technique with a pressing duration of 4 to 6 hours, after which the resulting 
product is set out to dry in an open-air area. For small products like souvenirs, polyvinyl 
acetate (PVAc) is used as the adhesive because it is less expensive and widely available on 
the market. 
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Figure 2.6.  Single-layer LB (left) and large LB board cold press (Photograph by Bambu Bos, 
Yogyakarta) 
 
About the compression equipment, the SMEs usually use hand tools such as C-
clamps. For specific designs, dedicated presser molds are sometimes built. Figure 2.6 
shows the basic structure of a single-layer LB and the cold pressing process used by one of 
the small enterprises of the study to make a large LB board. By using molds or metal 
clamps, numerous shapes can be created from flattened or slivered bamboo. To build a 
curved furniture component, the mold should restrain the elasticity of bamboo while it is 
being pressed until the glue is completely dry. If no heat is used, drying will take about 4 
hours  [17]. However, if a heating torch is used, drying can be accomplished in 5 to 10 
minutes [18]. In these processes, the most important tools for shaping a product is the 
pressing clamps. Naturally, LB small enterprises use a variety of the clamps depending on 
the product being fabricated, and sometimes it is necessary to build new clamps for a 
specific product. 
A number of the “low-technology” clamps used in small-enterprise lamination 
processes (figure 2.7). From these, it can be posited that creating and utilizing clamps 
provides the most effective way of optimizing the design of an LB product since they 
provide the keys for product shaping and can be supported by small enterprises. 
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Standard C-clamp Clamp for 90° arch angle 
  
U-clamp Clamp for large LB board 
Figure 2.7 Clamps used during lamination process 
 
 
All the instrument used by the SMEs from the begining process until become a 
ready used products utilize low technology instrument and tools that mostly very comman 
in woodworking. The most specific and importent tools in making laminated bamboo 
product is bamboo splitter to split the bamboo culm into strips, bamboo planner to flatten 
the bamboo strips into a rectangular shape and the clamps (see Appendix 06). In Java it is 
quite common that the SMEs making the tools by themselves or by ordering it to the local 
workshop.  
 
2.1.8. Finishing 
Finishing, which is the last stage in laminated bamboo product fabrication, is done 
not only for aesthetic reasons but also for protecting the product from obsolete. Therefore, 
included in the finishing stage is a coating process applying transparent layering to protect 
the laminated bamboo surface from scratch. Visually a finishing can change the 
appearance of the product such as color, glossiness, brightness and also texture. To day 
there are many types of finishing technique can be applied on laminated bamboo surface, 
just like on wood product. However, those many types of finishing will not be elaborate in 
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this report. Below explained is general technique mostly carried by laminated bamboo 
SMEs.  
Smoking 
Smoking is a traditional technique used to darken bamboo culms by suspending 
them over a fireplace. For woven bamboo products, it draws out and highlights the weave 
structure [6]. This inexpensive technique is still favored by many traditional bamboo 
craftsmen in Java and is even drawing attention as an alternative preservation technique 
since smoke treatment increases durability and makes bamboo surfaces unpalatable to 
insects [8]. Furthermore, since the bamboo shavings produced during the flattening process 
are used to create the smoke, it is also a sustainable way to utilize waste. The laminated 
bamboo craftsmen in Java sometime still apply this method to create a unique look of the 
product, such as making a color variation by different brightness of bamboo strips or 
creating an aging effect on the bamboo product. 
Acid staining. 
Carbonization method for preservation is quite popular applied in the laminated 
bamboo industry but it is highly costly for the small industry. The method results in beauty 
caramel color of the bamboo caused by the sugar in the bamboo that turns to be caramel 
after heating. For substitute the caramel effect created using carbonization, the craftsmen 
apply acid stain on the laminated bamboo surface as finishing. The more acid applied on 
the surface, the darker the surface. 
Lacquering 
For producing special finishes, cashew lacquer, which is one part cashew nut oil to 
five parts turpentine thinner, is especially preferred. Presently, many craftsmen in 
Indonesia use ready-made synthetic lacquers available on the market for brush-applied or 
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spray. The made of NC (NitroCellulose) lacquer is quick dray finishing and better in 
protecting the product surface from scratch. 
Polyurethane  
Last but not least, polyurethane finishing is also used by craftsmen especially when 
the laminated bamboo product is used in high humidity. Applied using spray technique 
polyurethane or PU cover the laminated bamboo surface by creating a thick layer like 
plastic film protecting the product from damage by water and heat. However, water-based 
polyurethane is more preferable for an indoor product, since the material is less expensive 
and can be applied using simple tools such as brush and cotton fabric. 
Fabrication method conducted by the SMEs that applying low technology different 
from larger industry is mainly in preservation and lamination in which the SMEs not using 
heat in those two processes. Another high technology that some big industries already 
applied is the use of a CNC machine or laser in the shaping process, while the SMEs 
currently only use a conventional instrument or hand tools. In this study, the techniques 
applied by the SMEs are also be used in making samples for the experiment explained in 
Chapter 4. 
 
2.2. SME of Laminated Bamboo in Java, Indonesia 
 
Laminated bamboo product maker, especially on the island of Java is still very few. 
The business in making the laminated bamboo product is apart from the traditional bamboo 
crafts industry that has already widespread in almost every district in Java. There are 
mostly a new business found by young generation, especialy in Java Island. In this study, 
the selected bamboo industry is small/medium enterprises (SME) that produce laminated 
bamboo as the main product. There are an important consideration in selecting the three 
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SMEs, including its location, experience,  and especially by considering their important 
role in community development. Three laminated bamboo industries is selected from 
different region in Java Island; 
1) Small and Medium Enterprise 1 (SME 1), “Jaya Abadi Laminasi”. 
This SME is located in Yogyakarta specific region in Java Island. It is a small 
company founded in the year 2005 with 5 craftsmen and several temporary employees. All 
types of laminated bamboo is produced by SME 1 including laminated bamboo board, 
although its most frequent order is making architectural feature, interior and furniture. The 
owner of the SME 1 has already making partnership with government and NGO in giving 
technical training for other SMEs of bamboo in Indonesia and abroad (Vietnam and 
Burma). Their technical experience and  their social contribution hopefully will be an 
effort for the development of bamboo products in Indonesia. 
 
 
Figure 2.8. SME 1. Jaya Abadi Bambu Laminasi, Laminated Bamboo SME 
located in Yogyakarta, Indonesia 
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2) Small and Medium Enterprise 2 (SME 2), “ Indonesia Bamboo”. 
The SME 2 is located in Malang city, in East Java. It is considered as medium 
company, founded in the year 2000 with total employees around 35 people. The low 
technology is still conducted by the company for making small products like kitchen 
utensil, or small quantity product order. The SME 2 is recognized having specialty in 
kitchen utensil, however the laminated bamboo board in standart size for floor panel is the 
most frequent order. The company has already doing export through agent or broker from 
abroad, especialy to Europe.  
In some cases, especially in producing a large quantity order of small products, 
some small or home idustries around the company also involve in production as a partner 
company. It become an importent point in developing bamboo SMEs, and also in 
knowledge and economic share. 
 
 
Figure 2.9. SME 2. Indonesia Bamboo, Laminated Bamboo SME  
located in Malang, East Java, Indonesia 
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3) Small and Medium Enterprise 3 (SME 3), “Bambootronic”. 
The SME 3 is located in Bogor, West Java, in a small traditional education 
institution called “pesantren”. It is popular and so-called as “electronic bamboo” maker 
with the product specialty of laminated bamboo for electronic devices such as radio, clock, 
computer keyboard, and mouse. However, this SME also produces laminated bamboo 
board in small size for certain purposes ordered by customers. 
This SME also has an important role in developing laminated bamboo SME in 
general. By including the laminated bamboo production as one of extra activities in the 
education institution belongs to the SME owner, the owner and the craftmen teach directly 
the young generation for doing enterpreunership. The owner of the SME has been given 
award from the government and become one of training mentor for SMEs in laminated 
bamboo technique in Indonesia. 
 
Figure 2.10. SME 3. Bambootronic, Laminated Bamboo SME 
located in Bogor, West Java, Indonesia 
 
All the three SMEs are mainly producing products based on customer order, 
however, they also created a new product regularly to be offered through internet or 
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displayed in their galery or shop owned by goverment or by the SMEs. Related to the study, 
especially the capability of craftsmen, these three SMEs are considered representative to be 
selected as the subject of research. 
 
2.2.1. Laminated Bamboo Craftsmenship 
 
There is a common traditional characteristic in craftsmenship among the three 
SMEs. In managing the production, a senior craftsmen has an autority to manage all the 
production process helped by several junior craftsmen that could be work base on contract 
by project or regular worker. In more advance workshop such as the SME 2, a specialist is 
provided particularly in finishing stage. There are also a partnership with other workshop 
or SME for a complex production. Since one of the production is base on customer order, 
some times they have to adjust and sifting or combine the laminated bamboo with 
traditional element such as woven bamboo. In this case, the SME generaly work together 
with traditional bamboo craftsmen located close to their workshop to produce the 
traditional element. 
 
2.2.2. Product Category 
 
 In studying bamboo product for a strategy development in the SMEs, a 
categorization is needed to identify the important aspect with in the products. For that 
purpose, Larasati created a classification map relating bamboo products connected to 
designer involvement (figure 2.11) [19]. Since there are generaly no designer with 
academic background in the SMEs, it is strongly recommended that SMEs should apply a 
partnership program available with goverment, universities, or NGO. In most current cases, 
the SME owner and the craftsmen sometimes act as designers and rely on their experience, 
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since they do not have a specific skill in design. The mapping can be used to analyze 
laminated bamboo products by the SME in their appropriate category in order to bring it to 
the optimal level that can be achieved using the available resources. 
 
 
Figure 2.11. Bamboo product classification 
and designer involvement. 
 
Specifically, the mapping explains product classifications based on bamboo 
application technology level and designer involvement, where these are in terms of the 
following levels: 
1. Traditional processes. Designers are not involved at all since the designs of the 
products have been the same for centuries and the functions never change. 
2. Hybrid processes for traditional products. In such variations and modifications, 
designers develop new products based on the traditional ones, such as weaving 
techniques. The addition of other materials as accents starts to emerge. 
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3. Hybrid processes for new performance and appearance. These new bamboo 
designs are not based on traditional products and processes. Instead, designers 
freely explore bamboo just as they do other materials and make products based 
on the documented physical and mechanical properties. Their purpose is to 
respond to current requirements and propose designs that fulfill clear functions 
and have places in modern society. 
4. Hybrid processes for new performance and appearance of pretreated bamboo 
products. Same as level 3 in terms of the role of the designer, but at this level 
pretreated bamboo is used as the basic production material. 
5. Advanced processes for bamboo product designs. At this level, advanced 
methods are applied over the entire production process, even though the 
production materials can be used for traditional- and hybrid-level products. 
Designers may use these improved methods optimally in order to be more 
creative in utilizing the available facilities. At this level, designers also create 
production materials alongside the “ready-to-use” final products. A more 
detailed explanation can be found in reference [19]. 
According to the mapping, LB products should be placed in level 5 due to their 
aspects related to technological achievements in materials and processing methodology. 
The design of the product executed for production by the SMEs could be from 2 sources; 
firstly from the customer that bring their own design to be made by the SME or secondly 
from the SME itself. The main capability of the SME related to the level is in utilizing the 
laminated technique. Therefore when a product is designed applying a traditional elemens 
such as weaving, they hire a traditional craftsmen or delivery the order to the traditional 
bamboo workshop. However all related aspect that considered in the level 5 “advance 
processes” is conducted by the SMEs, it include: 
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a. Preservation process of the raw material (bamboo culm). 
b. Transforming raw material into basic component (bamboo strips) 
c. Transforming basic component into ready to used material such as laminated 
bamboo board, laminateed bamboo lumber, woven laminated bamboo and so 
fort. 
d. Creating product from the ready to used material such as making furniture from 
laminated bamboo board, or making architectural feature from laminated 
bamboo lumber. 
e. Creating product from the basic component, this is especialy for making small 
products such as kitchen utensil, stationary, and also laminated bamboo for 
electronic devices. Some certain product of these types should be created from a 
small pieces of bamboo strips. 
By those related aspects that exist in the SMEs, it will enable the designer to be 
deeply involved in product manufacturing. With the use of low technology, “in terms of 
technology that is more economical”, product quality can be improved by utilizing the 
available facilities, materials, and construction methods in more creative ways. As was 
explained in the previous section, some stages in the sequence can still be optimized 
through design development. 
In all of SMEs examined in this study, we identified six product categories (table 
2.3). These are LB board, architectural, furniture, interior finishing, small products, and 
non-laminated bamboo. Most of these products are made to order based on costumer 
designs, and only a few owners create products by using their own ideas in the form of 
product samples. The photographs in the left column are representative samples of the 
corresponding categories. 
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Table 2.3 Product categories 
Category Product scope Maker 
 
Board 
Bamboo board 9-25mm thick, 12004400mm SME 1 
SME 2 
SME 3 
 
Architectural 
Includes joists, columns, and beams in 3m long of; 
3040mm, 
4060mm,60120mm 
Door, window frames, and panels. 
SME 1 
SME 2 
SME 3 
 
Furniture 
Stools, chairs, and tables. SME 1 
SME 2 
 
 
Interior Finishing 
Flooring and ceiling material. SME 1 
SME 2 
SME 3 
 
Small product 
Kitchen utensils, toys, organizers, lamp armatures, home 
accessories, musical instruments and electronics 
SME 1 
SME 2 
 
 
Nonlaminated 
Preserved bamboo culms, gazebos, roof tiles, shades, and 
fencing. 
SME 1 
SME 2 
SME 3 
Note: SME: Small/Medium Enterprise examined in this study 
From the data of product categories, it can be found that small enterprises have the 
basic required abilities to build numerous kinds of products using low-level technology in 
their manufacture, although small enterprises are still lacking in design capabilities. 
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Furthermore, since we found that some stages in the sequence can still be optimized, it is 
evident that significant opportunities exist for product development through design 
improvements. To facilitate such attempts, designers should take the initiative in 
processing innovations for new LB products. 
 
2.2.3 Fabrication Process Conducted by the SMEs 
 
Table 2.4. Fabrication steps conducted by the SMEs 
 
 
In an effort to provide an overview of LB fabrication by SMEs, it can be 
summarized the differences in various fabrication stages (Table 2.4). The secondary 
processes are rarely conducted in SME 1 and SME 2, while in SME 3, it never conducted 
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at all. None of the three SME have conducted carbonization for their LB products. It is 
impossible to mark all the finishing stages as () because there are always alternatives that 
change depending on customer preferences. 
 
2.3. The Advantages of Laminated Bamboo by the SME 
Considering that the bamboo industry in Indonesia is mostly dominated by small, 
medium industry [20] and that SMEs in Indonesia has an important role in employment or 
income generation [22], it is reasonable to preoritize the positive aspect of the bamboo-
base SMEs existence for further development. Including the SME of laminated bamboo 
which is considered as a quite new industry in Indonesia. As a brief description on some 
positive advantages of laminated bamboo made by SMEs, a literature studies that we have 
conducted provide concise information; 
1) Because of the use of the low technology application by the SME, it results in 
the possibility for small quantity production as the customer's request. Since they don’t use 
drying machine or clamp machine that need to consider effective cost in operation, they 
can accept small quantity product order from customer. In other words, SME has the 
opportunity to create more product variations because it does not need to consider the 
minimum engine capacity for a production like in large industries. Thus, SME has its own 
market segment, and a strategy need to be developed to reach those specific customers. 
2) As already mentioned in the introduction, that there is an environmental advance 
in applying bambo compare to other materials including wood. However, within the 
techniques in utilization of the bamboo, there is no zero impact on enviroment, especialy 
for the engineered bamboo. The low technology used by SMEs in fabricating laminated 
bamboo is considered more environmentally friendly in comparing to the large industries. 
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Although there is no certain comparative study on both industry, we can draw a conclusion 
refer to studies on the manufacturing process using high technology. A study conducted by 
Li (2016) using LCA (Life-Cycle Analysis) method on the manufacturing of laminated 
bamboo generaly applied in big industries, with six important environmental indexes; 
abiotic depletion (AD), acidification (AP), eutophication potential (EP), global warming 
potential (GWP), ozone layer depletion potential (ODP), and photochemical ozone creation 
potential (POCP) [21]. The result shows that thermo-compression, desiccation and 
carbonization have the greatest impacts on the environmental load, with a total 
contribution rate of greater than 67%, as the main source for power depletion is from the 
processing of fossil fuel for electricity. Figure 2.12 shows the relative contribution of the 
different processes on the environment impact.  
 
Figure 2.12 Relative contribution of the laminated bamboo manufacture applying high 
technology (adobted from Li 2016) [21] 
 
In comparing to the manufacturing process of laminated bamboo by SME that apply a low 
technology, there is no using of a thermo-electrical mechanism, whether for carbonization, 
drying or pressing. However, the use of chemicals in preservation, lamination, and 
bleaching as found in this study (table 2.4), further research and development still need to 
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be conducted to find a more ecological method or supporting materials to minimize the 
environmental impact.  
 3)  Fabrication of laminated bamboo using low technology still applicable to 
produce a good product. Agustian et all (2015) introduce laminated bamboo applying cross 
lamination method using cold pressing [2]. Based on the test results, the value of 
delamination, MOE, MOR, and bonding strength were still under the standard 
requirements of JAS 1152 (2007). Mahdevi (2012) conduct an investigation on the 
mechanical properties of laminated bamboo lumber produced using cold press, and come 
to the conclusion that structurally reliable laminated bamboo lumber can be fabricated 
using hand tools, screw-driven mechanical presses, and widely available, economical 
adhesives [1]. Table 2.5 explains the LBL (Laminated Bamboo Lumber) production in 
Mahdavi experiment in comparing to some engineered wood product. 
  
Table. 2.5 Comparison of mean mechanical properties of fabricated LBL  
with those of laminated wood specimens tested [1]. 
 
 
LBL: Laminated Bamboo Lumber, PSL: Parallel Stand Lumber, LVL: Laminated Veneer Lumber 
 
As presented in the table, the mechanical properties of LBL specimens produced are 
compared to those of laminated wood products that show various characteristics of strength 
and stiffness. It can be clarify that, among the species listed, LBL showed a much lower 
MOR compared to PSL and LVL made from eastern species. The stiffness of LBL is 
slightly lower than the stiffness of all listed wood products. 
73 
 
 Considering that all the SMEs in the study are mostly produce laminated bamboo 
for non structural application, the use of low technology processing will meet the minimum 
standart of mechanical properties. Another important thing related to laminated bamboo 
products, especially those produced by SMEs, is that more research and development is 
carried out from a design aspect which is currently rarely done in Indonesia. Therefore, the 
study that we are currently conducting is expected to contribute to the development of 
laminated bamboo SME products. 
 
2.4. Development of Laminated Bamboo for the SMEs  
 
Considering the advantages of laminated bamboo related to its potential 
development through surface appearance as described in chapter 1, as well as the 
fabrication process carried out by SMEs in Java, a method for developing laminated 
bamboo products for SMEs can be proposed which emphasizes the use of low technology. 
The advantages and distinctive characteristics of laminated bamboo SMEs in Java in this 
study which carried out the production process from the collecting of raw materials, 
preservation, untill finishing allowed the early intervention of product planning, starting 
from the basic component level, which is bamboo strip. It will be different if the 
production starts from processing raw materials in the form of bamboo lumber or 
laminated bamboo panels that are ready to use. 
 
Related to the laminated bamboo products as design objects, two things must be 
considered are; design elements and design principles. Design elements are basic parts that 
can be processed in designs such as; color, shape, volume, contour and texture. While the 
design principle is the method of how existing design elements can be arranged so that 
they have a certain appeal or aesthetic value according to the design objective. Planning 
product design early on starting from raw materials will produce more variations in shapes 
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than using ready-used materials, because consideration of elements and design principles 
begins earlier. In the case of laminated bamboo products, the bamboo strip is a basic 
element that can be visually identified when the product is finalised, therefore planning can 
also be started from the bamboo strip. 
 
 
 
Figure 2.13 Several element composition of bamboo strips 
 
 As described in chapter I, as a result of a typological analysis of the surface 
appearance of engineered bamboo products, in table 1.4 a shaping method and surface 
modification for laminated bamboo products are proposed. Simply explained as a sample 
case in figure 2.13, several modifications conducted on bamboo strip properties as a basic 
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component, namely; color and size (volume). In a standart arangement, there is only 
arangement position of bamboo strips whether horizontaly or verticaly. Increases to the 
next stage, the arrangement of the basic element could be an arrangement with color 
composition, size composition, color and distance composition, or combination of the 
three; color, size and distance composition. distance. For more complex variation, 
sompositions can be created by combining property and order systems based on design 
principles, such as; harmony, balance, focal point, and unity. A simple set of arangement is 
applied on the proposed design sample for the experiment in chapter 4. 
 The development of product design through surface variations are applicable for 
various types of laminated bamboo products. By using existing equipment and methods 
that have been done by SMEs, many product variants can be created. In addition to design 
development through modification at the initial level of production on bamboo strip and its 
composition, variations can also be carried out through the application of finishing 
techniques commonly used in the wood industry. Finishing techniques that change color, 
brightness and glossiness can improve visual quality and protect the surface of laminated 
bamboo. In addition to finishing through coating, a combination with bamboo woven also 
applicable on laminated bamboo panel. Table 2.6 summarizes the element modification 
methods and the shaping method that can be applied by SMEs. 
 The traits or property of bamboo strip; size, texture (surface) and color can be 
managed to create product variants. The size of the bamboo strip depends on the bamboo 
culm species size when being cut. Its maximum size range from 15 – 20 mm width, 5 – 8 
mm thick and 300 cm long. For a specific product, the size adjustment can be managed at 
the stage of planing and cutting in fabrication. While the strip size could be varied, the 
texture of bamboo is not. All bamboo species have the same appearance of texture, that 
consist of three types; outer surface (peeled view), sliced surface and cut view. The most 
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product commonly expose the outer surface than the other two, since the cut surface only 
created by a small part of the bamboo strip. One last property of bamboo that causes 
almost limitless variations is the color. By combining the three properties, the surface 
variation of the product can be created richly as illustrated in Figure 2.13. Relating to the 
surface modification and method for shaping laminated bamboo, its result in different of 
sequence in manufacturing the product. The diagram of sequence variation (figure 2.14) 
explain the consecutive steps that can be conducted by SMEs for more various of 
appearance surface types.  
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Table 2.6 Aplicable surface modification and product shaping based on SMEs capabilities. 
 
*Acid stained generaly used by SME as substitution for carbonization in creating caramel color efect on 
bamboo surface.  
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It should be noted that although many shapes can be produced by SMEs using low 
technology as presented in table 2.6, several methods are limited. Firstly, related to the use 
of acid stain and dyes for coloring. Although it could be applied before lamination using 
immerse method, the color cannot be absorbed deeply. Therefore, the sanding process 
cannot be carried after coloring. Instead, a coating should apply to protect dyes or stain 
from fading. This method is a commonly applied by traditional craftsmen in making 
colored bamboo waving in Java. Laminating process also need to be conducted carefully to 
get a neat result. This coloring method differs from the result of carbonization that results 
in caramel color that can be sanded and cut. Secondly, the hand tools mentioned in table 
2.6 can be used to make almost all shapes that commonly created using machinery in big 
industries except bamboo veneer that need advanced machine. However, it should be 
carried carefully in making products using hand tools, for consistency and size precision.  
 It can be summarized that developing laminated bamboo products through creating 
product variations clearly can be done with in three stages of fabrication; before laminating 
process,  after laminating process and during lamination.  
 1) Before laminating process; it can be done by modifying the strip properties 
whether the size or the color and making combination of arrangement of the bamboo strips 
that will result on the end product.  
 2) After laminating process; it can be done by shaping such as turning, routing or 
carving on a laminated bamboo lumber, panel or other basic shape products. This method 
is commonly applied on wood products including by coloring and top coating.  
 3) During lamination; beside the basic flat lamination, shaping during lamination 
using mold or vacuum press is mostly applied for making product that having curve shape 
like chair or complex shape that can not be done using standart clamp. 
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In this research, two types (1 and 2) will be applied in making samples of study to 
investigate user affective respond on two different group of laminated bamboo product 
surface which is the regular surface that the SMEs mostly produce and the new types of 
surface. 
 
Reference 
 
[1] Mahdavi, M; Clouston b, P.L; Arwade, S.R   A Low-technology Approach toward 
fabrication of Laminated Bamboo Lumber. Construction and Building Materials,  
29 (0) 257–262, 2012 
[2] Agustina, Ana; Nugroho, Naresworo; Bahtiar, Tri Effendi; Hermawan, Dede. 
Karakteristik Cross Laminated Bamboo Sebagai Bahan Komposit Struktural. 
Jurnal Teknologi Industri Pertanian, 25 (2): page 174-181(2015) 
[3] Huan-Ming, Zhu. Bamboo-based Boards in China: an Introduction. Bamboo, 
People, and Environment. Proceedings of the Vth International Bamboo Workshop 
and the IV International Bamboo Congress, (1995), 140-154 
[4] Sharma, Bhavna; Gatoo, Ana; Ramage, Michael H. Effect of processing methods on 
the mechanical properties of engineered Bamboo. Construction and Building 
Materials, 83(0), 95–101, (2015)  
[5] Shrestha, R & Crews, KI., Development of engineered bamboo using a low tech 
method, in ST Smith (ed.), 23rd Australasian Conference on the Mechanics of 
Structures and Materials (ACMSM23), NSW, 9-12 December, Byron Bay, 
Australia,  (2014), 613-618 
81 
 
[6] Gnanaharan, R.; Mosteiro, A.P. Local Tools and Equipment for Processing 
Bamboo and Rattan. International Network for Bamboo and Rattan, New Delhi, 
(1997) 
[7] Ritcher, Anne.  Art and Craft of Indonesia. San Francisco: Chronicle Books, 1994 
[8] www.bambus\new\eng\reports\buildingmaterial\buildingmaterial.html (Accessed 
22 December 2013) 
[9] Klaus, D., 2002. Bamboo as a building Material, in IL31 Bambus, Karl Kramer 
Verlag Stuttgart 1992. Contributions from the seminar: Design With Bamboo, 
RWTH Aachen SS, 2001. Available at: https:// bambus.rwth-aachen.de/eng/PDF-
Files/Bamboo%20as%20a%20building%20materia.pdf  (Accessed: 12 November 
2016) 
[10] Suhaimi Bakar, Edi. A Practical Method and Apparatus for Converting Bamboo 
Culms into Flat Sheets for Laminated Bamboo Timber Production. 21st 
International Wood Machining Seminar (2013), 171-79. 
[11] Zuraidaa, Siswanti; Larasati, Dewi. The 5th Sustainable Future for Human Security 
(Sustain 2014): The assessment of marginal prevention costs on bamboo 
preservation method. Procedia Environmental Sciences 28 (0), 789-798, 2015. 
[12] Hong Tang, T K; Welling, Johannes; Ho, Thuy Dung; Liese, Walter.  Investigation 
on optimization of kiln drying for the Bamboo species Bambusa stenostachya, 
Dendrocalamus asper, and Thyrsostachys siamensis, Bamboo, Science, and Culture. 
American Bamboo Society, 25(1), 27-35, 2012 
[13] http://www.bambunusaverde.com/bahasa/katalog/perkebunan/files/bnvbambuperke
bunan.pdf (Accessed 2 January 2017) 
[14] https://www.guaduabamboo.com/species/ (Accessed 1 January 2017) 
82 
 
[15] Sulastiningsih, I.M.&Adi Santoso. Pengaruh Jenis Bambu, Waktu Kempa dan 
Perlakuan Pendahuluan Bilah Bambu Terhadap Sifat Papan Bambu Laminasi. 
Penelitian Hasil Hutan, 30 (3), 199-207, 2012 
[16] Sulastiningsih, I. M., and Nurwati.“Physical and mechanical properties of LB 
board.”Journal. Trop. For. Sci., 21(3),  246–251, 2009 
[17] Asmah, A. E., Daitey, S. T. & Steiner, R., Locally Produced Laminated Bamboo 
Lumber: A Potential Substitute for Traditional Wood Carving in Ghana, European 
Journal of Research and Reflection in Arts and Humanities. 4(1), 1-16, 2016 
[18] Irwan, Yusril at all. Eksperimentasi Metoda Laminasi dan Metoda Pengujian 
Kekuatan Pelapisan pada Bambu Laminasi Untuk Dijadikan Konstruksi Furniture. 
Seminar Nasional – XII Rekayasa dan Aplikasi Teknik Mesin di Industri. Bandung, 
(2013) 
[19] Larasati, D., Uncovering the Green Gold of Indonesia: A Design Research on 
Bamboo’s Potential. Eindhoven Netherland: The Design Academy 1999. 
[20] http://www.itto.int/files/itto_project_db_input/2981/Technical/E-PD-600-11-R1-I-
Technical%20Report-Act-3.4.pdf  (Retrieved on February 2019). 
[21] Li, Jiqing., Yuan, Yuan., and Guan, Xin (2016). Assessing the Environmental 
Impacts of Glued-Laminated Bamboo Based on a Life Cycle Assesment. 
BioResources 11(1), 1942-1950. 
[22] Tambunan, Lulus (2008). Development of SME in ASEAN with Reference to 
Indonesia and Thailand. Chulalongkorn Journal of Economics 20(1), April 2008: 
53-83. 
  
 
 
 
 
CHAPTER 3 
 
Laminated Bamboo  
Product Development  
Through Its Affective Value 
 
 
 
 
 
 
 
83 
 
CHAPTER 3 
Laminated Bamboo Product Development  
Through Its Affective Value 
 
The emerging of engineered bamboo as one of the modern techniques considerably 
can substitute wood and other material with some technical advantages [1, 2]. Despite this 
reality, bamboo utilization for product and its demand is still within small to medium scale, 
and most of the raw bamboo currently harvested is used to create small products [3]. There 
are many reasons for the low demand for the product or construction using bamboo; one of 
them could be caused by people‟s perception of the bamboo itself [2, 4]. Considering this, 
an effort to change people's perceptions on bamboo is important, including through product 
development.  
Related to the utilization of bamboo as a material for making products, in this study 
we only focusing on a certain selected product as a case study. However, the concept of 
new affective value is expected to be possible applied on other product made by the SMEs. 
Considering that the need for housing in Indonesia is gradualy increasing every year, the 
demand for building material is also increasing. At this point, the laminated bamboo 
products used for interior finishing is quite reasonable to be introduced into the SMEs 
development project. Entering the first step in creating product, it should be noted that 
there are many aspects need to be considered in applying material for product besides its 
technical properties. For example, to apply a material that visible on the surface of a 
product must consider aspects related to visual stimuli such as aesthetics and impressions 
[5]. It is understandable that when a product made of wood exhibits its beauty of texture, it 
always ask for a higher price. It is not because of its usability, durability, or strength, rather 
caused by its visual stimuli that more to be a subjective feeling [6]. It happens with all 
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materials, including bamboo as a surface material. The physical characteristics of bamboo 
are well known, but not with their affective value. It's directly connected to the experience 
of the user who interacts with the product [5].  
3.1 The Important of Affective Value in User Preference 
The impression and feeling of a product are very important for someone to 
decide whether to buy or not the product. If a product already has a poor perception 
among user, then the opportunity for selling the product will be low as well. The 
emerging of impression is caused by the existence of affective values that is unique and 
intangible. Therefore, planning and integrating such an affective value into a product 
need knowledge about the product and the method for integrating it. Explained in the 
Merriam-Webster dictionary, affective is an adjective, relating to, arising from, or 
influencing feelings or emotions, similar meaning to emotional. In a verb form, affect 
defined as the conscious subjective aspect of an emotion considered apart from bodily 
changes, also: a set of observable manifestations of a subjectively experienced emotion 
[17]. To form a noun, it should be “affection” that have a similar meaning to 
"preference" for a concerning topic such as taste [18]. Therefore the word “affective 
value”, is used as something that exists in a product connected to the preference of the 
user.  
Today, consumers are strict in choosing products in terms of their desire and 
preferences. Therefore the industries need to adjust to the phenomenon in order to compete 
in the market with thousands of choices of similar products. They should develop a 
market-in strategy, in which the production of goods or services is based on the user‟s 
desires and preferences. On the contrary, applying the product-out strategy, that based on 
the design concept triggered by the manufacturer can no longer support for the future 
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industry development. An approach in design to develop a new product or service is now 
turn to the user as a center in making a decision of design through direct experience.  
User experience approach in design method that encompasses all aspects of the end 
user‟s interaction is getting more acceptable today in planning a product. One of the 
aspects that considerably important is the affective value of the product. Therefore, 
evaluations of products based on visual stimuli are needed to connect the subjective aspect 
of the user to the physical properties of the product. The array of user experience in 
correlation with product design includes emotion, enjoyment, aesthetics, hedonic quality, 
engagement, and motivation [7]. As a product is not only a matter of technical solution, the 
method for planning a product is also broadly developed in connection with many 
disciplines such as psychology, physiology, social science and so on.  
3.2 Kansei Engineering for Integrating the Affective Value into The Product 
Every object has an impression, one of the cause is its visual properties. Likewise, 
man-made commercial products are conceptualized to have a certain impression to attract 
buyers, according to their psychological needs. Evaluation of products base on visual 
stimuli tends to subjective, but important at the same time [8]. Kansei Engineering (KE) is 
one of the design methods applying user experience approach that developed into an 
interdisciplinary study. The term Kansei is defined as „„a Japanese word which implies a 
customer‟s psychological feeling and image regarding a new product‟‟[9]. The method is 
now developed into six types using a varied technical approach [10], in which every type 
can be applied to some specific circumstance depend on its project‟s needs [11]. The 
objective of this study was to develop important affective values for new product made of 
bamboo. The type I of KE was the subject that connected to this study. It is the method that 
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using semantic differential analysis on a set of pairing-adjective indicating the affective 
values of products, base on technique by Osgood [12]. 
 
 
 
Figure 3.1: A model for connecting the semantic 
value and product properties in Kansei engineering 
 
Mitsuo Nagamachi, the founder of Kansei Engineering in 1970 create the methods 
to facilitate the human emotion or feeling to be integrated into products, working system, 
social system as well as service system [13]. The success of product development by 
Nagamachi, such as the sports car Mazda Miyata, Wacoal brassiere or a refrigerator by 
Sharp make the method to be adopted by companies in Japan and abroad. The more 
advance of Kansei Engineering I, is the Kansei Engineering II that use computer aided 
system and mathematical statistical tools. As used in developing the Mazda Miyata is 
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basically a process of transferring a zero concept such a feeling into more realistic and 
design detail of tangible product properties [14]. The higher types of Kansei Engineering is 
considered as a steps of method development. However, the basic principal of all Kansei 
Engineering types is the same, as proposed by Schutt [16], illustrated in figure 3.1. 
The psychological feeling on the products can be identified in expressed words 
called Kansei words. A Kansei product implies a connection between semantic-based 
values and physical properties, both presented as vector spaces [11]. To connect the 
semantic value to the product properties, statistical methods can be applied, such as factor 
analysis and multiple regression. As a tool for product development, the KE can be used to 
introduce or to improve affective values to the new product [15], like bamboo-based 
products. As the first step in applying Kansei method, we select a domain for the selected 
case study. The complete steps in applying Kansei method is ilustrated in the figure 3.2. 
According to Schutte and Eklund, a domain can include existing products, concepts 
or even still unknown design solutions [19]. In this case, the study is an attempt to 
understand the user tendency of preference on the laminated bamboo products focusing on 
the visual impressions, by comparing the existing product already created by the SMEs and 
a new proposed product that not yet been created by the SMEs. Since all products made of 
laminated bamboo generally exhibit its surface, it means that surface appearance takes an 
important role in contributing to the whole impression of the product. Therefore in this 
study, we determine “the laminated bamboo surface” as the selected domain and 
narrowed the product for the home interior application. Thus, the selected Kansei domain 
indicates an ideal concept behind the laminated bamboo product that will be introduce and 
developed for a new product base on the capability of the SMEs.  
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3.3 Exploring Semantic Value 
After confirming a domain analysis which is; “laminated bamboo surface 
appearance”, the next step that have to be done is exploring the semantic value by 
gathering as many as possible the semantic words (Kansei words) related to the visual 
impression that needs to be conceptualized on the product. Schutte calls this as "spanning 
semantic space" process [16]. In this study, to explore affective values or impressions that 
can be raised on bamboo products, exploration must be carried on various informations 
that contain various affective values in the confirmed domain.  
3.3.1 Words collecting and clustering 
In the basic principal of KE type I, a semantic space of product should be broadly 
spanned to find many possibilities of value. The affective values that expressed verbally in 
an adjective form of words, whether spoken or written are needed for Kansei engineering 
evaluation Type I. It may be an adjective expressing in an ordinary and already accepted 
quality, or new conceptual ideas to be introduced into the new product. Although the new 
conceptual affective values can be explored anywhere without any cultural border, the 
selected words should be easy to be understood by the participant in the semantic 
differential evaluation. Therefore, it is important that the participants accustomed to the 
words and feel the same sense of it. To achieve it, bahasa Indonesia is selected as the main 
language in this study. However it is also include the words from English or Javanese that 
used in daily talking or in media. 
 The adjective correlated to the impression of material in home context can be found 
in online media (e-magazine, web blog, e-catalog, manuals, ads, and social media) or off-
line media (newspaper, magazine, brochure, pamphlet), including from the TV show. In 
this study, the media to be explored was published between the year 2012 until 2016. Since 
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the general objective in developing new product design was creating a new good affective 
value for bamboo to be accepted by the user, the adjectives to be collected was all possible 
positive impression of material whether for building or product.  
There were a total of 250 adjectives of impression collected from the media (see 
appendix 01). The 250 words were then should be sorted, evaluated and clustered 
hierarchically in a dynamic and iterative process [16]. The reduction of 250 words into 
smaller number is needed for limit survey administration time to the desired maximum of 
20 minutes. The stages in determining Kansei words through selecting and sorting are 
explained in flowcharts as illustrated in figure 3.3 below. 
 
 
Figure 3.3 Flowchart of the afective value 
conceptualization 
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As a first sorting process, the researcher presents the 250 Kansei words to 30 adults 
randomly to choose minimum of 10 words with a single question:  
"Select at least 10 words of impression you want to be appears 
through material for your home?"  
 
It should be note in each of words selection process that since the objective of the 
study is developing new affective value to be applied on product made of bamboo. The 
more general word like “material” is prefered in the question instead of bamboo. It meant 
to avoid an archetype or influence of participant perception of bamboo that currently excist 
and could fail in creating new affective values. 
The 30 person participated in the first selecting step is participant to represent 
Indonesian users or customer with the criteria between 30 to 50 of ages, owning a home, 
planning to build a house, or renovating a house. As a result, we found 144 of words 
selected in a different frequency, and the rest of words that not selected is unused for the 
next sorting. The next step is a brainstorming session in which a small group discussion 
consist of two interior designer and two architec is formed. From now on, the qualitative 
method of affinity diagram is applied until the important Kansei word to be conceptualized 
appear. In this step, the author become a facilitator to gather idea of words grouping. The 
objective of the discussion is creating a cluster of words  as a frame idea for the selected 
Kansei words. The 114 selected words are then discussed while examining several original 
sources of sentences/transcripts to create categories base on theme. Every member gives 
contribution in grouping the 144 words by likeness to form a theme/sub-theme (see 
appendix 02). The function of theme is to understand what people feel something 
important to be integrated into an object as an impression. By the organized theme, the 
structure of impression that user need to be appear on material for their home living is 
more clarify. 
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The result of the discussion is a set of categories and sub-categories as a frame 
theme to represent the important of impression as a home for the selected 144 Kansei 
words. The end-up result of the sorting was 144 words in 8 cluster (table 3.2).  
Table 3.2 Cluster created to organize selected words from the first selection  
 
 
* Boldface is used as the cluster for selecting Kansei Words 
 
The 8 cluster is; attractiveness, strength, admiration, nature, prestige, style, 
sensorial, and arrangement. Other 7 clusters are combined into an identical cluster of 8 
categories. For easy understanding in the adjectives selection process by participant 
member, the selected words of categories were re-construct by adding words like; 
“associated with…”, “the impression of…”, in the box of words (see appendix 03). 
 
3.3.2 Sorting from Clustered Words 
Entering the second sorting process of Kansei words is a selecting through an 
online diagram in which the most important data is collected from the user point of view 
and informant. To identify semantic values that need to be conceptualized on the product, 
the involvement of user and parties connected to the user as informants are very important 
in providing data. In this study, the user means a person who will use/apply the product 
directly, while other informants are designer, architects who provide information about 
93 
 
user preference through their experience. This step involved 10 designer and 5 experienced 
users in selecting words through a provided diagram consist of 144 words in 8 cluster. 
There are architects, interior designers and product designers as a material applicator that 
has a minimum of 8 years experience in their field. For the architect, there should be a 
member of IAI (Indonesian Institute of Architects), while for the interior designer the 
should be a member of HDII (Indonesian Society of Interior Designer). The experienced 
user meant to gain a comprehensive result of words, since they have a good appreciation in 
design and art, already applied materials on their project although do not have a formal 
educational background in art and design. Selecting procedure was conducted online in 
which every participant separated one to another to avoid inter-influencing. As a team 
member, they should choose 10 among 144 words and put into the boxes considering as 
impression word group, as showed in sample result (figure 3.4).  
 
 
Figure 3.4 A sample of selected words in the second sorting. 
 
To collect information from two different subjects, two different instructions are 
proposed to the two groups of the respondent. To the first group which is the architect and 
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designer, the given instruction is as follow:  
“Select 10 words frequently used by your clients when they ask for 
impression through materials in their house“, “Just copy the words 
from the left side and paste into appropriate boxes on the right side.” 
 
While to the second group which is the experienced user, the given instruction is as follow: 
 “Select 10 words you consider important impression appear in 
materials for your house“. “ Just copy the words from the left side and 
paste into appropriate boxes on the right side.” 
 
The 144 words in 8 cluster proposed to the 15 participants, resulting in a total 
selected 50 words were appear in a different frequency showed in Pareto diagram (figure 
3.5). The result was then brought to focus group discussion, in which the participants from 
the previous discussion group joined again and facilitated by an expert of language to 
obtain a precise meaning of words and synonym.  
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3.3.3 Focus Discussion 
The objective for conducting focus group discussion is to obtain a better result of 
words selection, especialy in choosing the correct words to be paired to the selected words 
from the process of afinity. In this stage, experienced designer and user is important to share 
their experience in communicating about the subject matter (impression of building 
materials). The discussion consisting of 2 interior designers, 2 architects, 1 experienced user 
and guided by a linguistic expert. Since the process of exploring Kansei is based on expressed 
words, and strongly correlated with the cultural background of the audience (targeted 
participant), therefore this final stage is maintained carefully and assisted by the linguistic 
expert. In our study, we invited a lingustic expert from Universitas Sebelas Maret in 
Indonesia, in which the whole process of experiment was conducted. The linguistic expert 
has an important key role in the discussion; 
a. Firstly to give broader view base on the language theory in daily and general 
aplication, formal or non formal use.  
b. Secondly, to construct a better Kansei words by comparing the meaning of words, 
synonym and its change in current use. As a result, there were affective words 
considered as high and low Kansei in which a high Kansei can represent other low 
Kansei words. 
3.4 Important Affective Values to be Developed 
Selected words in the affinity process shown in frequency has an important meaning to 
be discussed in the group discussion, it represent intention of most user in applying materials 
for their home. After the focus group discussion was held. Several words appear to be 
considered as an ideal or important impression need to be shown in building material in the 
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home context. Result of the focus discussion presented in the words formation as shown in 
“Figure 3.6”. There are affective word grouping that effects in changing of used word 
frequency and the selected high Kansei. For easy manageable in data analysis by sorting the 
words [11], only the word groups that show the frequency used above 12 or above 8% are 
used in the Kansei evaluation. The word with the highest amount of selection within the group 
is selected as high Kansei to represent other Kansei words. Therefore, the word luxurious, 
strong, modern, nice, interesting, and natural are selected as an affective value that should be 
developed into a new product made of bamboo, especialy for building materials to be applied 
in home. The focus group discussion also function to find correct words to be paired with the 
selected six Kansei words. 
 
 
* Numbers following every word explain the amount of selection. Words in dark grey color highlight are 
regarded as high Kansei or important value represents other low Kansei, in the same group. 
Figure 3.6  Grouping of words and result of combined frequency used words. 
 
In this study, a quantitative approach was used to see the frequency of electability of 
Kansei words collected, but to identify the strengths of words chosen and its similarity 
meaning, a qualitative approach to recognize the thematic groups of words was carried out. In 
this case, the re-examination of the original manuscript or source of words guided by a 
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linguist is very important, since some words have more synonym variants than other words. 
The word "luxury", besides being appeared more, also has a variant of several words, so that 
the word is considered an important impression. While the word "comfortable" even though 
many are chosen at the first selection, but in the context of the domain under study only has 
one other variant, so it is not selected at the end process of evaluation. 
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CHAPTER 4 
Examining the Laminated Bamboo Product 
Based on User Preference 
 
The six important affective values found in chapter 3 describes a conceptual idea 
about impression of building materials to be applied on interior of house. In this study, it 
will be used to evaluate a set of prepared laminated bamboo product made by the SME to 
understand the user response for further development of the product. The next step after 
the conceptualization phase is conducting an experiment with a set of the sample. It is 
necessary to carry a product planning using Kansei method by considering the capability of 
the SMEs in all aspect, especially the financial aspect since the method should be possible 
to be applied by the SMEs independently. Therefore we set the quantity of the samples in a 
minimum requirement for evaluation with ten pieces, refer to several studies [1, 2, 3]. The 
samples are expected to represent existing variants of laminated bamboo products available 
in the market or produced by the SMEs.  
Regarding the product varieties among the SMEs as explained in chapter 2, one of 
the products that all SMEs made should be selected for the experiment. Refer to the 
selected domain in which connected to the application of material for the interior wall of 
house, the most common product made by all SMEs is the laminated bamboo board. 
Moreover, there are other considerations in selecting the laminated bamboo panel for the 
experiment; firstly, based on the information of the business owners, the laminated bamboo 
panels or laminated bamboo board actually generates profit efficiently, since it is 
considerably easy to be manufactured in larger quantity compared to other products. 
Secondly, the architectural component or building material such as board, beam, and 
column made of laminated bamboo are quite new in Indonesia compare to small products 
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such as kitchen appliance, souvenir, and toys. In addition, in this project the researcher and 
the SMEs work together as a team and therefore, a discussion with the SMEs owner is 
always held during the experiment, including in selecting the product samples. 
Considering the efficiency of the experiment, a small sample is used in the 
experiment with an additional investigation on the consistency of impression between 
small sample product to the real size wall application. Therefore, there are two experiments 
conducted in the study; the first experiment is an examination of laminated bamboo panels 
with small samples using Kansei Engineering method to be introduced to the SMEs and the 
second experiment is an examination of the selected small sample to be applied on a real 
size prototype to understand the representationality of the small samples. The second 
experiment is expected to be a reference for other laminated bamboo design and not to be 
the part of Kansei method to be applied by the SMEs.  
Figure 4.1 explain the step of the two experiments. It is a more detailed chart of the 
implementation phase in figure 3.2, chapter three. This chart explains the examination on 
ten small samples laminated bamboo panel to represent the real interior wall using Kansei 
engineering method and continued with similarity testing of the impression to the actual 
wall. In experiment I, the representation method is carried out with several considerations; 
in the design/planning profession, the use of small samples, photos, 3D animations or 
scaled models is very common because it is cost-efficient. This will also be very helpful 
for SMEs in marketing large-sized products such as building material. However, further 
testing is needed to determine the nature of the representation of small samples on the 
application of the product to the actual scale. Therefore an examination was carried out 
with experiment II by looking at the similarity of Kansei evaluation results between the 
two experiments with the same respondents. 
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4.1 Experiment I 
Examination of Laminated Bamboo Panel using Kansei Engineering. 
 
Laminated bamboo panel is a product that mostly produced by laminated bamboo 
industry whether small or big company. It also happen in the three selected SMEs in our 
study. Although the quantity and frequency of production is vary among the SMEs, all the 
SME produce several types of laminated bamboo panel in a standarized size for certain 
purposes, for example; floor parquete, top table, wall partition and so forth. These panel is 
also considered requring the most simple tools and technique but the result can be applied 
for many types of application. Therefore we select the products as the case study  for 
product development base on user preference. 
 
4.1.1 Objectives 
Customers of any product always have differences of emotional response toward 
the products [6], it is possible that the user also responds differently toward the surface 
appearance of the products as part of the whole product appearance. Including the products 
of laminated bamboo by SME that we are going to examine from a certain aspect. In order 
to create a success for a certain product, an effort to understand the product and the 
customer should be tried. For that purpose, we set some objectives in conducting the 
experiment I, while introducing the used method to the SMEs. The objective of the 
experiment is; 
1. To know how the preferences of the user toward the samples,  
2. To understand the tendency of each product sample to the six affective value. 
3. To understand the connection between the properties and the six affective value.  
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The experiment is not only to examine the existing products but also as preliminary 
examination to identify the user preference toward so many product variants that have not 
been made by the SME but has a potential to be developed. For that reason, the sample of 
the product consists of the existing products and the proposed products for the SMEs. 
 
4.1.2 Method and Material 
4.1.2.1 Method 
In the effort to develop products based on user preference, and introducing the 
SMEs with a certain method for planning products, we select the Kansei engineering 
method to obtain the objectives. To succeed it, the method that will be introduced to the 
SMEs should be easily understood and carried by the SMEs in order to be applied in the 
future for another project by the SMEs independently. Today researchers recognize that 
there are eight Kansei engineering types that already been developed [9], with a different 
function and degree of complexity in it. However, it is considered that Kansei Engineering 
type I is more affordable to be carried by the SMEs regarding the cost and the human 
resource. Therefore, in this experiment, it is decided to apply the KE type I that used a 
Semantic Differential (SD) analysis on a categorical product sample. While for exploring 
the Kansei words or the stage for the conceptualization of impression, an affinity and focus 
group discussion is applied, as explained in the previous chapter. 
As explained in chapter 3, there are steps in conducting KE Type I for this project. 
An assisted process is carried and discussed between the researcher and the SMEs for 
obtaining the data for KE procedure; 
a) Choosing a domain analysis,  
b) Establishing the affective value (Kansei words)  
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c) Exploring the properties and the trait, 
d) Product evaluation based on impression (Kansei). 
e) Connecting the product properties and the Kansei value. 
Referring to the result of chapter 3 and the selected product to be evaluated in this 
experiment, the detail explanation of the steps is as follow; 
a) Choosing a domain analysis  
Appearance is one of the important aspects in product design and marketing since it 
is considered as a first sigh impression to the customer before continuing investigation 
other feature of the product. In the cases of panel products that dominated by two-
dimensional appearance, the surface will be a significant aspect of the appearance. 
Therefore, “the laminated bamboo surface appearance in the context of home interior 
application” is a suitable domain to study the impression of the wall panel product. By the 
domain analysis, the participant is guided that they should not think or evaluate another 
aspect such as technical of construction, maintenance and so ford. 
b) Establishing the affective value (Kansei words) 
The specific target of customer, should connected to a specific Kansei of the same 
cultural background of the customer. Since the study is carried in Indonesia, more 
specifically in Java island with its characteristic bakground, the language used in the 
examination especially the Kansei words is all in Bahasa Indonesia. The Kansei words 
result from the previous study explained in chapter 3 is applied. In these cases, the six 
words; LUXURIOUS (mewah), STRONG (kuat), MODERN (modern), NICE (bagus), 
INTERESTING (menarik) and NATURAL (alami) is considered as important affective 
values to be integrated into building material made of laminated bamboo for home 
application.  
107 
 
c) Exploring the properties and the trait. 
The properties of the product under the selected domain (surface appearance) is the 
visual element of the laminated bamboo panels. Unlike Semantic Space, Schutte stated that 
there is no consistent way to develop Space of the Properties [4]. However, parallel as 
when defining Semantic Space, three steps can be done: gathering characteristics, selecting 
properties, and selecting the product samples. Some properties are generally used by the 
laminated bamboo manufacturer for making product variation, therefore the customer can 
easily identify the differences among the products. The most common properties 
mentioned by the laminated bamboo manufacturer are; the grain orientation, color (refer to 
its method), glossiness, and layer. However, there are many possibilities of properties and 
traits combination that can be applied on the laminated bamboo surface. Some of the 
properties and traits that have already been found and explained in chapter 2 are used in 
this experiment. However, the traits should be selected and adjusted with the capability of 
the SMEs, especially with the affordable technology in the SMEs. Since the general 
objective of this study is also making development for the products made by the SMEs, we 
explore all the possibilities of making a new appearance by carrying an observation and 
discussion with the SMEs. The discussion is especially subjected to ensure the sample 
preparation, ie; 
 Selecting important samples from the products that already been made by the 
SMEs. 
 Creating sample for developing new product variants. 
 Making clear technical support and craftsmen capability. 
 Making clear how the visual characteristic should be managed. 
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Figure 4.2  Steps conducted in samples selection. 
 
Refer to the discussion, we decided 5 selected existing products dan 5 types of the 
new product to be examined. There are some steps in sample selection as shown in figure 
4.2. The existed product is selected base on the selling information in year 2016, informed 
by the SME. Since the new products are never been made by the SME, we discuss and 
brainstorm several technical possibilities to make products applying the method 
recommended in chapter 2 by making modification and arrangement of bamboo strips as 
the constituent unit of laminated bamboo.  
In creating the five samples, there are several modification worked on the strips 
after being flattened in 2x0.8cm, and arrangements applied as dicribed below (table 4.1), a 
routing technique and combination with other bamboo product tipe also used to make more 
variation. 
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Table 4.1 Shaping method applied on second five samples of laminated bamboo panel. 
 
 
 
The selected existing and new created design samples are illustrated in figure 4.3. 
The detail product criteria and produced 10 samples is explained in the part “4.1.2.2  
Material” below this section. 
 
Figure 4.3  Selected design for the samples 
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In identifying the product properties and trait, although there is a combination of 
terminological resources, the main important in property identification is that the SME or 
craftsmen understand in managing the differences among properties through the traits they 
should apply. The name of the properties are adopted from two resources: 
 Market or industry that generally can be found in their information product 
sheet and used in trading. 
 Technical woodworking term in which the craftsman has already accustomed. 
The properties and traits term that we use to identify the laminated bamboo panel for this 
experiment is explained in the note for properties (Table 4.2).  
 
Table 4.2 Note for sample properties 
 
d. Product evaluation based on impression (Kansei) 
The samples of the laminated bamboo panel are evaluated by the participant as user 
representation using the semantic differential method [5]. At this stage, the participant will 
use Semantic differential card (SD Card) to evaluate the surface appearance of the 
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laminated bamboo panel regarding the six Kansei words. The stimulation method applied 
in the evaluation is by "seeing and touching" the panel surfaces. The participant should fill 
the card by giving scores between 1 to 5 represent the Kansei value of the surface. Figure 
4.4 shows the procedure when taking data of semantic differential through experiencing 
laminated bamboo surface appearance by seeing and touching surface.  
 
Figure 4.4 Flowchart diagram in taking semantic data. 
 
 
Figure 4.5 Semantic Differential Card 
Figure 4.5 shows the sample of the card to be used in the evaluation, in which 
every card has number and color relating to the number and color indication of the 
products. The original card is in Bahasa Indonesia. 
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e. Connecting the product properties and the Kansei value. 
 To understand the properties or trait on product that efect on the impression, a 
statistical analysis is conducted. After the identification on the products found its 
properties, there are several steps and method that should be conduct to understand the 
connection between the property and the Kansei words. Firstly, the analysis factor is 
carried on the samples and the Kansei to clarify the relationship among variables. A 
regression between Kansei words and the properties is conducted to found which 
properties that contribut in creating certain impression.   
 Besides the result of the sample tendency toward the Kansei value,  during the 
semantic differential evaluation, the participant has also been asked to select one of the 
products they like most. The result will lead to the identification of different preferences 
base on gender and age. Logically the most favorable product appearance will be the most 
potential of sample to be commercially produced. In this study, the selected samples for the 
experiment II and for the development of new design will be based on the most favorable 
surface appearance. 
 The Participant 
 It is important to select the participant in the study, since it should be as close as 
possible to a real project of laminated bamboo products development for the SMEs in Java, 
Indonesia. Therefore, several criteria should be made for the participant selection. 
However, some burden could arouse in inviting the participant. The criteria of the 
participant are as follow: 
a) The age of the participant is between 30 to 50 years of age. 
The person in these ages are generally already got a job, have income, and 
think to have a new house or to do a renovation for their house. In this 
113 
 
situation, the participant generally has a mature consideration in selecting 
and evaluate a product of building material. 
b) Economical background of the participant should be middle-up. 
The person in this economic status are commonly affordable to buy or built 
a house, and it is indirectly related to their interest in joining in evaluation. 
d) The participant has at least an educational background from senior 
school for easy understanding the content of the evaluation. 
 
In order to minimize the technical difficulties in the experiment, some assumption 
is proposed, especially in representing the user or customer as a participant. In this study, 
we invite 80 university members to participate in the experiment. With the above criteria, 
they assumed to represent the general customer. In the real project by the SMEs, there 
should be an adjustment in inviting the participant, however, the criteria are easy can be 
adopted and applied. 
 
4.1.2.2 Material 
In the experiment, some panels made of laminated bamboo are selected and created 
as the objects to be examined. The samples are represent building material for interior wall 
finishing applied for the dwelling (house). There are some criteria in creating the panels; 
a) The laminated bamboo panels should be manufactured base on the 
craftsmen capabilities and apply an affordable low technology. 
The low technology applied by the SMEs already elaborated in Chapter 2, in 
which cold pressure is applied to transform the bamboo stripes or another form 
of a bamboo constituent into the laminated panel. Other technique and tools in 
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manufacturing the panels are also utilizing a low technology that minimum in 
consuming energy. 
b) All of the materials required to produce the panels should be available 
locally and easy to be found from the local market. 
The material, such as bamboo is harvested from the village located around the 
SME, or from a different region in the same province. Dendrocalamus Asper or 
in local name called Bambu Betung is selected as the material regarding its 
thickness characteristic and broadly available whether in the market or in the 
villages around the SME location. The close distance is important mainly to 
minimize the cost of transportation and reduce the environmental impact.  
c) Two groups of laminated bamboo panels created in the experiment.  
The first group is panels that already produced by the SME, and the second 
group is panels that never been manufactured by the SME. Creating two groups 
of samples has a specific purpose for the study, especially to understand the 
user response toward the two different groups. Through an understanding of 
the user responses, information on which surface appearance that has a good 
opportunity for selling will be obtained.  
d) The samples should be made in a small size. 
The small sample making in this study means to minimize the cost of the 
experiment, in order to be easily repeated by the SMEs in the future with a 
more varied design. In a real project of building construction, generally, there 
will be a material scheme to be presented to the client as a representation of a 
real product or application that actually large in size. It also happens in a 
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building material shop, in which the customer can only see or touch a small 
sample of materials.   
 
All the requirement to meet the criteria of the samples is discussed with the SME 
owner and the craftsmen. The following figures and tables describe the samples of the 
panels made for the study. The samples prepared by the SME for semantic evaluation is 
shown in figure 4.6 with the explanation for each sample as seen in table 4.3. The 
evaluation process on the day of data taking shown in figure 4.7. The location of 
evaluation is in a meeting room at the research center of UNS (Universitas Sebelas Maret 
Surakarta) Indonesia, with the university member from various faculty taking part as 
participants. 
 
Figure 4.6 Product samples 
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Table 4.3 Product Properties and Traits of each sample. 
 
 
 
 
 
Figure 4.7 Semantic differential evaluation for the ten samples 
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4.1.3 Result 
4.1.3.1 Favorite-based User Preference. 
After taking the evaluation data of the affective value for each sample, an analysis 
is conducted. A calculation over the response of the 69 participants is carried out. The 
result of the analysis is described and illustrated  as follow: 
Figure 4.8 and 4.9  inform the participant profile joining in experiment I and their 
response to the question about the favorite products with a single question; 
“Which one surface type among the ten samples that you like most?” 
It can be seen in figure 4.8 and figure 4.9 about the participant profile and the selected 
surface appearance of the laminated bamboo panel, that the laminated bamboo surface with 
the code S08 is the most preferred to all participant gender, in which 3.9% for male, 2.4% 
for female and 12.42% for both from total 69 participant. The sample code S010, S07 
selected to the second position in group 2, while the sample code S05, S02 selected as the 
third and four respectively. Thus, for the second experiment, the laminated bamboo surface 
with the code S08, S10, S05, and S02 will be used in the examination for similarity 
impression in experiment II. 
 In this examination, it is found that there is a significant result selection on the 
surface type with the code S08 in which 12.42% of participant select as the favorite surface 
type in comparing with the others that selected under 7%.   
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Figure 4.8 Participant ages profile and the selected surface appearance.. 
 
 
 
 
Figure 4.9 Participant gender profile and the selected surface appearance. 
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4.1.3.2 Affective Value of the Laminated Bamboo Panel 
Using semantic differential method to evaluate the affective value of the samples, 
when the result is separated between the existed product (Group I) and the proposed 
product (Group II), it is found a different pattern of respon between the two groups. As 
shown in the average Kansei score (table 4.4) and the spider web figure 4.10 there is a 
different tendency showed especially by diferent shape in spider diagram between existed 
samples and the proposed products. In the existed product (Group I), only the sample 
coded S04 indicates a slightly higher value of strong impression with the mean score of 
Kansei at 4.01, while other impressions is distributed almost evenly in all samples with the 
score ranging from 3.01 until 3.86. All of the values are in the positive direction of 
impression.  
Table 4.4. Average score of Kansei words. 
 
 
Figure 4.10 Chart showing mean product score for Group 1 and 2 
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Different from the group 1, the samples in the group 2 obtain a various respond 
about their impression indicated in the various of Kansei mean score and also in the 
various shape created by colored lines in the spider web diagram (figure 4.10 right side). 
The sample S08 has an exceptional surface impression by obtaining the higest score above 
4.00, almost in all Kansei words except for the natural impression that fall in a medium 
level Kansei mean at 3.28. It is quite reasonable that the participant also select S08 as the 
favorite product that indicate a high respons to the appearance and impression. On the 
contrary, the sample S06 and S09 acquire a little low score in five kind of affective values, 
especially the impression of luxuriousity with similar score of 2.6 Kansei mean. The 
sample S09 tend go to the inner direction of spider web by acquiring Kansei scores under 
3.0, especially the impression of modernity with the lowest score at 1.56. It means that the 
surface appearance of sample S09 tend to be percepted as traditonal by the participants. 
To understand clearly the direction of samples toward to the Impression quality 
whether positive or negative, the result of average Kansei mean can be standarized as 
shown in the table 4.5. The barchart (figure 4.11) illustrates the tendency direction of each 
sample toward to each Impression (Kansei words).    
Table 4.5. Kansei value result after standarized. 
 
  
  
121 
 
 
Figure 4.11 Barchart showing the direction of each product toward the Kansei value. 
  
 Differences in response that vary among the five surface types in the second group 
(Group 2) of laminated bamboo panels can be understood because of the variation of 
property within. Since the needs of the impressions that the user wants to display on the 
wall also vary, the diversity of property is also needed to provide alternatives of choice for 
the user. However, to understand the connection between the product properties and its 
Kansei (impression), the presented samples should be identified its correlation and 
distribution among the samples.   
4.1.3.3 Factor Analysis  
 The statistical approach can be used to analyze interrelationship among many 
variables and explain these variables based on their general dimensions (factors). Basically 
factor analysis aims to simplify problems to facilitate interpretation through drawing 
patterns of relationships or data reduction. Factor analysis decreases the number of 
variables to the amount that can be managed. In the first identification on the relationship 
among the sample using software College Analysis, it is found that the sample S06 and 
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S09 cause an anomaly data that make the relation among the samples and the Kansei words 
is dificult to be understood as shown in figure 4.12. The distance of S06 and S09 is too big 
that make it separated from the others. The detail information on Factor analysis before 
removing sample S06 and S09 can be found in Appendix 07. 
 
 
Figure 4.12 Sample distribution pattern before exlusion of sample S06 and S09 
 
  In this case, Principal Component Analysis (PCA) is applied to reduce the samples 
that result in a more simple and explainable relationship among the samples.  Its also 
function in obtaining a beter regression result in the next step between Kansei word and the 
product properties. The Analysis after removing of sample S06 and S09 can be seen in the 
following graphic and tables. 
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Table 4.6 Result of Principal Component Analysis 
 
 
 
Figure 4.13 Pattern distribution of Kansei among 1st factor (x) and 2nd factor (y)  
after excluding sample S06 and S09, 
 
 The pattern distribution of Kansei after excluding sample S06 and S09 (figure 
4.13) shows that Kansei natural is easily impressed or to be identified by participant, while 
the other Kansei is tend to have a similarity since its located closer one to another in X axis. 
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Although the Kansei Strong viewed in a quite big distance, however it is closer refer to the 
3
rd
 axis in three dimentional space (figure 4.14). 
 
 
Figure 4.14 Pattern distribution of Kansei among 1st factor (x) and 3rd factor (y)  
after excluding sample S06 and S09, 
 
  Table 4.7 Distribution of the factor score after applying  
Principal Componen Analysis on 8 samples 
 
 
 
 Related to the position of the sample in space of factor, the result of analysis after 
reduction shows that the participant tend to respon the samples toward the Kansei clearly 
different between the existing product and the proposed product. The first group is 5 
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samples (S01, S02,S03,S04,S05) which is the existing product already created by the SME 
grouped and put it in the left side (negative area) of X axis and interpreted as products with 
natural impression. The second group is three proposed product (S07, S08,S10) that placed 
in positive area of X axis, (whether applying with 2nd axis or 3rd axis) and interpreted as 
products with more various impression (luxurious, strong, modern, nice, interesting). 
 
 
Figure 4.15 Distribution pattern of samples among 1st factor (x) and 2nd factor (y) 
after excluding sample S06 and S09 
 
 To identify whether this tendency result in creating a different cluster or group, a 
cluster analysis is conducted on the 8 samples. The first cluster is identified as the existing 
product and the second cluster is the proposed product. These two clusters clearly 
seperated along the X axis as ilustrated grouping by dashed green line in figure 4.15.   The 
result of cluster analysis ilustrated in figure 4.16. The dendogram discribes the existance 
of two cluster of product which is S01 and S05, S02 and S03, S04 whole together in the 
same cluster. On the other side there are S07 and S10, S08 is grouping in the other cluster. 
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Figure 4.16 Dendogram of cluster analysis on 8 sample of laminated bamboo 
 
 In general, it is clear that the participant all together simply response about natural 
as impression that easy to be recognized, while the other impressions having similarity. 
The participant also clearly devide between existed sample and the propossed sample as 
different visually. The existed sample tend to represent a natural impression, while S07, 
S08 and S10 having more various impression. However, there is a possibility of 
differences tendency in evaluating the sample between male and female participants or 
within different age variants. In order to understand about the difference tendency of the 
participant in perceiving the sample related to its impression, cluster analysis also 
performed within different gender and ages as atached in Appendix 09 until Appendix 14. 
To summarise the result of cluster analysis among different participant, table 4.8 and 4.9 
describe about clustering within the Impression while table 4.10 and 4.11 explain about 
clustering within the samples.  
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Table 4.8 Cluster of Impression within different gender 
GENDER 
KANSEI GROUP 
1 2 
MALE Luxurious Natural 
  Strong   
  Modern   
  Nice   
  Interesting   
FEMALE Luxurious Natural 
  Strong   
  Modern   
  Nice   
  Interesting   
 
Table 4.9 Cluster of Impression within different age 
AGE 
KANSEI GROUP 
1 2 
30-34 Luxurious Natural 
  Strong   
  Modern   
  Nice   
  Interesting   
35-39 Luxurious Natural 
  Strong   
  Modern   
  Nice   
  Interesting   
40-45 Luxurious Natural 
  Strong   
  Modern   
  Nice   
  Interesting   
46-50 Luxurious Natural 
  Strong   
  Modern   
  Nice   
  Interesting   
 
 Whether male or female participant, they tend to easy in identifiying and percieving 
Natural impression than the other impression.  In this case, male put the sample S08 as 
hightly different from the other samples and give it the highest score in all Kansei 
(impression) except for natural Kansei words. All participants in all ages tend to percieve 
the Natural as a single impression that easy to identify different from other impression, 
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while luxurious, strong, modern, nice and interesting less or more having similarities  in 
participant visual perception. 
Table 4.10 Cluster of sample within different gender 
GENDER 
SAMPLE GROUP 
1 2 
MALE S01 S08 
  S02   
  S03   
  S04   
  S05   
  S07   
  S10   
FEMALE S01 S07 
  S02 108 
  S03 S10 
  S04   
  S05   
 
Table 4.11 Cluster of sample within different age 
AGE 
SAMPLE GROUP 
1 2 
30-34 S01 S07 
  S02 S08 
  S03   
  S04   
  S05   
  S10   
35-39 S01 S08 
  S02 S010 
  S03   
  S04   
  S05   
  S07   
40-45 S01 S08 
  S02   
  S03   
  S07   
  S05   
  S10   
  S04   
46-50 S01 S03 
  S05 S07 
  S10   
  S02   
  S04   
  S08   
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 Different from the male participant, female does not percieve the sample S08 too 
special but there are other samples (S107 and S10) that also draw their attention. Sample 
S08 is percieved quite distingtive surface apperance as it is only grouped with S07, S10, 
S02, S04. While the others are grouped with various samples. 
 
4.1.3.4 Regression between the Afective value and the product properties 
To identify the properties and its influence in creating certain impression on 
laminated bamboo product presented as the samples, a regression analysis is needed to be 
conducted. In this study, the QT I (Quantification Theory type I) is considered as suitable 
method since the product properties presented as a categorical data. In this case, the trait or 
item of the selected samples after factor analysis should be set into a dummy variable using 
a code 1 and 0, as presented in table 4.12.   
 
Table 4.12 Coding of product properties for QT I 
 
Since the selected samples after excluding S06 and S09 only 8 products, the item of 
property should be reduce become 3 properties or only allowed 6 categories in the 
regression analysis. For that purpose, a correlation analysis is conducted to make an 
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adjustment by removing several properties that have a strong similarity. The table of the 
correlation can be found in Appendix 08. The selected properties and the Kansei to be 
analyzed using QT 1 is as follow (table 4.13): 
 
Table 4.13 Kansei and product properties for regression using QT 1 
 
 
There are several important aspect indicating the result of regression between 
Kansei and product trait, which is;  
a) R2  (R square) that indicated the degree of explanation. The R² greater than 0.5 is 
considered as satisfactory for Kansei evaluation.  
b) Partial Correlation Coefficient (PPC) represents the relative importance of property 
(property score). The higher the PPC, the more important the property influence on 
the Impression (Kansei). 
c) Standardization weight describes the score of each item (trait) in the property. The 
value of the score states the degree of item in contributing to the impression, while 
the positive (+) or negative (-) explain the direction of the item toward the 
Impression.  
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Table 4.14 Regression result for Kansei word Luxurious 
 
 
 
 
 The table 4.14 shows a sample result of regression using QT 1 for the impression 
of Luxurious. The complete result of regression can be found in appendic 09. In this study, 
the Kansei words luxurious, strong, modern and natural are highly acceptable to explain 
the impression caused by the visual property of laminated bamboo surface. Other Kansei 
words; Nice and Interesting considered poorly to represent its quality of impression since 
it does not reach the minimum R² (> 0.5). The reason is likely because participant's 
definition of Nice and Interesting, and also what contributes to it widely varies. Below is 
summarized the result of regression (table 4.15 and table 4.16). 
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Table 4.15 Result of QT I for all Kansei word 
  
Table 4.16  Influence of the product trait on the impression value for the chosen Kansei words. 
 
 
-    
: Low effect on the negative direction of Kansei 
+
+ 
: High effect on the positive direction of Kansei 
+   : Low effect on the positive direction of Kansei / : Insignificant effect (too close to 0) 
-- 
: High effect on the negative direction of Kansei 
Nice and Interesting are not usable due to low R
2
 
value. 
 
 
 
133 
 
4.2 Experiment II 
Representational of the Small Sample Laminated Bamboo Panel 
 
 In industrial product development, products variation is needed to spans and attract 
more customer with different characteristic. This certainly requires financial support and it 
could be a problem for the SMEs. Therefore, in this study, small samples were used in 
providing variations of surface types for the laminated bamboo panel. However, the 
representation of the impression of the product in a real size or after been used could be 
different. Therefore in this study, experiment II was conducted to find out the 
representation of impression from actual size product by a sample in small size. 
 
4.2.1 Objectives 
Experiment II is conducted to study whether there is a difference of impression 
between small sample and real size off the wall with the same surface type of laminated 
bamboo. Since the second experiment applied a prototype which is considerably expensive, 
it is not recommended to be conducted in a real project by the SMEs. 
 
4.2.2 Method and Material 
4.2.2.1 Method 
Experiment II is a repetition of experiment I with a different object in which only 
four samples of the panels used in the evaluation. The samples are taken from two panels 
of each group with the highest score in preference. The domain analysis, the Kansei words, 
the product properties, and also the method of evaluation are definitely the same as in the 
experiment I. In this experiment there are 86 persons participated and give their response. 
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Among the 86 persons, there are 32 participants from the experiment I participate in 
experiment II. 
To analyze the response differences of impression between the two evaluations 
(experiment I and II), since the analysis was carried out on non-parametric data with 
abnormal and non-homogeneous data distribution, the most suitable Mann-Whitney 
method was chosen to carry out the analysis [7, 8]. The basis for drawing conclusions from 
this method is; If the significance value is greater than 0.05, it is concluded that there is no 
difference in impression between the samples in experiment I and experiment II. If the 
significance value is lower than 0.05, it can be concluded that there are differences in the 
impression between the samples in experiment I and experiment II. 
 
4.2.2.2 Material 
The object used in experiment II is a prototype of cubical space representing a 
room corner. Space is divided into four corners with the same size which is 2.5m x 2.5m 
for each. Every room is applied the same set of layout, lighting, furniture, and painting but 
applied different type of panel for the wall. The specification of the prototype is described 
in table 4.17. 
Table 4.17 Prototype specification used in experiment II 
Frame material : Wood finished with melamic dark brown. 
Ceiling : White 
Spot light : 40 watt 
Down light : 5 watt 
Floor : Vinyl tile green, grey, white in random pattern 
Acessories : A painting, carpet and furniture. 
Wall panel : 
R 01 R 02 R 03 R 04 
Panel S08 Panel S10 Panel S02 Panel 
S05 
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Figure 4.17. Shop drawing and the prototype for experiment II 
 
The possibility of small sample size to represent its real size applied on wall in the 
contect of impression can be seen from the comparation result of experiment I and II. The 
comparison between two experiment is explained in tables 4.18 and figure 4.18 . 
 
A
A'
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Table 4.18 Object of comparation 
 
 
Design 
I 
Design 
II 
Design 
III 
Design 
IV 
 
Experiment I S 08 S 10 S 02 S 05 Small sample code. 
Experiment II R 01 R 02 R 03 R 04 Room code 
 
 
 
Figure 4.18 Object study, the room (middle) and the small sample laminated bamboo panels 
(left and right side) 
 
4.2.3 Result 
After taking a semantic differential evaluation for the Kansei value for each room 
corner, an analysis is conducted. A calculation over the response of the 32 participants is 
carried out and compared to the result from experiment I with the same 32 participant.  
Figure 4. 19 show comparation of average Kansei score obtained from experiment I and II. 
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Figure 4.19 Comparation of experiment I (left) and experiment II (right) 
  
 
Figure 4.20 Closeness between small sample (S) and real wall (R) in correspondent analysis 
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 The graphical information showed in figure 4.19 and also figure 4.20 inform an 
indication of similarity or closeness result of impression between two independent samples 
(small sample and real wall). However, to confirm the result statistically, the mean score is 
then transformed and calculated using the Mann-Whitney T-test method in IBM SPSS for 
each design samples. The result of the calculation for each impression on each design is as 
follow (table 4.19 till 4.22); 
 
Table 4.19 The results of T- tests on S08-R01 
 
 
 
Table 4.20 The results of T- tests on S10-R02 
 
 
 
Table 4.21 The results of T- tests on S02-R03 
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Table 4.22 The results of T- tests on S05-R04 
 
  
 From the results of the T-test on the four design samples (I, II, III, and IV), a 
significance value (Asymp.sig. (2-tailed)) was obtained which was all above 0.05. This 
proves that almost all impressions received by respondents (32 people) are no difference 
between small samples (measuring 50x20 cm) and interior wall applications (size 
250x245) except only 3, which is; strong impression on design I (Sig. 0.029), nice 
impression on design IV (Sig. 0.028) and natural impression on design IV (Sig. 0.048). 
Thus, a specimen in the size of 50x20 cm can be used as a product sample that can 
represent the application of panels to a real wall. 
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CHAPTER 5 
Design Recommendations 
and Possibility of Kansei Engineering Application for the SMEs 
 
As mentioned in the introduction of this report, the thesis also expected to become 
an effort in empowering the SMEs of laminated bamboo in Indonesia. Among the so many 
problem's complexity within the SMEs, in this study we take a part in the product 
development focusing on the design and its method by introducing Kansei engineering. In 
general, SMEs in Indonesia have weaknesses in several aspect of business. There are 
identified several key issues for improving SME competitiveness in Indonesia, they are 
human resource, working capital, management and technological skills [1]. These key 
factors are important to improve the SME's business performance. In terms of human 
resource, laminated bamboo SEMs mostly have a lack of product innovation due to the 
absence of engineer or designer. In our study, the business owners are also act as designers 
who plan the products to be created. In fact, most SMEs are built merely because of 
expertise possessed by craftsmen, while knowledge in other aspects is obtained during the 
conduct of their business. Although the business owner that also the founder of the SMEs 
that we study have undergraduate education, in many cases according to the survey 
conducted by Asia Pasific Foundation of Canada, the majority of SME founder is young 
genertion under 34 years of age with high school certificate [2]. Thus the support for the 
SMEs related to the human resource is mainly in the aspect of knowledge and skills. 
This research expected to contribute in two ways: 1) design development and 2) 
introducing the Kansei Engineering as one of the methods for product planning to the 
SMEs. Both of these were carried out entirely by involving SMEs and craftsmen in the 
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conducted research so that the ability of the SMEs became an important consideration in 
determining the appropriate method or technique to be applied. 
5. 1 Design Development 
 Design development can be define as an effort in making increasment quality of 
product in the aspect of design. Its may involve a creation of new or different characteristic 
that offer new or additional benefits to the costomer. Product development may involve 
modification of an existing product or its presentation, or formulation of an entirely new 
product that satisfies a newly defined customer want or market niche [3]. It is important for 
any company including the SME to do design development in order to continue the 
existence and growth of the company. There are many methods in making design 
development for products. In this study, we try to develop laminated bamboo products 
from the design aspect using a user experience approach to find out their preferences and 
impression on the product. 
5.1.1 Design Development Based on Preferences 
 
Figure 5.1 Chart of preference for laminated bamboo surface design 
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Based on the results of the preference study, several types of designs have been 
chosen and suitable impressions identified from each type of surface design (figure 5.1). 
Assuming that preference is an indication of buying interest when determining the choice 
of the surface appearance of interior wall or other displayed surface, SMEs can refer to the 
surface types that have high score of preference.  
 
 
Figure 5.2 Designs alternatives of laminated bamboo surfaces  
refer to the highest preferences (S08) 
 
Above illustration (figure 5.2) are examples of design that refer to the highest 
preference of the S08 sample design. By identifying the visual characteristics that exist on 
the surface type of the preferred laminated bamboo (S08), several types of similar surface 
design can be developed to obtain relatively the same results in terms of preference. The 
combination of properties in the S08 sample must be maintained with a little modification 
to create variations in surface design.  
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 Referring to the results of the conformity test in experiment II, where the sample 
S08 changes in score in terms of visual impression, however, the type of surface design 
S08 still has the highest preference when applied on a wide surface. So the design type S08 
regardless of the impression that want to display will still attract the user's attention. 
Design development from sample S08 can be applied to application examples in the 
following illustration (figure 5.3). 
 
 
 
 
 
Figure 5.3 Examples of application of design variations from sample S08. 
   
5.1.2  Development of Design Based on the Expected Impression  
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The reasons for selecting materials to be applied on wall of a house are various. 
Some people choose because of it easy to be maintained, because of its flexibility, or 
because of the impression to be created. The results of the semantic evaluation of 10 
surface design samples in this study can be used as a reference for SMEs to create a 
laminated bamboo product with a specific visual impression, especially for wall panels. 
When someone wants to give a traditional impression to one of the rooms in their house, 
the user can determine their choice from the example of laminate bamboo by referring to 
the findings of the study. It was found that the surface sample S09 shows a traditional 
impression stronger compare to the others (figure 5.4).  
 
 
Figure 5.4 Modern - traditional impression comparison chart of 10 samples 
 
By paying attention to the visual aspect that becomes the traditional impression 
character, the craftsmen can develop a variety of surface designs by making modifications 
to the properties. The result of regression between the Kansei and the product property 
function as guidance in creating laminated bamboo product with traditional impression. 
The traditional impression can be found as opposition of modern impression, that located 
in negative direction of the Kansei. Refering to the result, an impression of traditional 
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laminated bamboo influenced dominantly by plain surface, and little influence of 
horizontal grain, while the brightness of laminated bamboo surface gave the same impact 
whether to modern or traditional impression, as illustrated in table 5.1.  
 
Table 5.1 Result of regression for Kansei Modern 
 
 
However, there is a product and property that can not be included in the regression 
but infact percieved by participant as traditional product through sample S09. An identical 
surface appearance that generally percieved as traditional product is a illustrated in figure 
5.4  in which various types of pattern presented. 
 
 
Figure 5.5 Several variations of motifs that create a traditional impression on 
laminated bamboo products. (TomRich International Ltd.) 
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5.2  Introduction of the Kansei Method to the SMEs 
5.2.1 Response of the SMEs to the KE type I 
In the experiments of Kansei method during the study, all aspects were pursued 
based on the capabilities and potential of SMEs and the craftsmen. At the same time, it is 
expected to be applied by the SMEs, so that they are not merely become an object of 
research in the product development, but also actors and have the opportunity to develop 
products using the same method in the future. In carrying the study, we applied Kansei 
Engineering type I for the development of the product design considering its simple 
method and has a proven track record in the industry [4]. We conducting discussions, 
interviewing craftsmen and solving problems based on the SMEs and craftsman experience. 
The Kansei Engineering type I that we adopt and explained in chapter three is basically a 
sequential method built by Nagamachi in the following steps (figure 5.6): 
 
 
Figure 5.6 A flow of the Kansei Engineering type I [5] 
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 Kansei engineering could be considered as one alternative of methods that can be 
applied in the products planning, especially for mass product types such as laminated 
bamboo panels and kitchen utensil. From the field survey and interview with the SMEs 
owner, we identify that there is a method in which the SMEs generally applied in 
developing new products as illustrated in figure 5.7. Although the method is not carried 
exactly in the same steps and frequency of application for every product creation,  the 
SMEs that we study often carry out this process when receiving product orders or creating 
examples of products for sale. 
 
 
Figure 5.7 A flow of design method by SMEs 
 
Investigating into the process of creating a new product by SMEs as shown in 
figure 5.7, in a more simple flow, it can be understood as a generic design process consists 
of several stages; exploration – generation – evaluation – communication with/without a 
loop between evaluation and generation [6]. It can be seen that actually the SMEs 
conducting a method generally used in many design firm and industry. Except that the 
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design processes in SMEs are informal, unstructured, and without formal control as mostly 
happen in the small company [7]. They create products base on market trend or customer 
order and make a comparison to the existing products especially to the famous one. They 
use the internet for collecting idea and make a discussion or brainstorming within the team 
or with the customer to make an adjustment or modification of the product properties. 
Whether a prototype is used or not in the discussion, the process is continued for making a 
refinement until a new product is established. This method is definitely different compared 
to the Kansei Engineering we are trying to introduce. 
Referring to the application of the Kansei Engineering type I during our experiment 
we identify the response of the SMEs (table 5.1) and making notes on every stage to 
understand which part of the method stapes need support. The result of this identification is 
a preliminary finding to be further examined in depth which can then be used to develop 
strategies for strengthening the SMEs in applying the Kansei method in developing their 
products.  
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5.2.2 Difficulty and Possibility Application of Kansei Type I 
 Evaluation on the application of KE type I during our experiment with a small sample 
of the laminated bamboo panel with the SMEs as co-partner has shown several indications. 
As explained in table 5.1, the general response of the SMEs and additional field notes on it 
show that four stages in the Kansei engineering are normal in difficulty. It means that the 
SMEs respond to the stages the same as they respond to the ordinary method they already 
applied in creating a new product. The difficulty within the stages can be found in several 
aspects: sorting the Kansei words, correctly pairing opposite words, inviting participants for 
the experiment, and identifying deeply product properties. It can understand that these 
difficulties are mostly connected to the background of knowledge of the SMEs members. 
Other difficulties that responded by the SMEs as impossible is correlated with the statistical 
method applied in Kansei engineering type I. It is understandable that it is one of the 
problems in introducing Kansei Engineering into the industry [8] since using the method 
requires a certain level of expertise. The statistical method is needed in the analysis step and 
the interpretation of its result. 
Although there are difficulties in applying the Kansei technique into SMEs, there are 
opportunities that allow it to be implemented. In addition to the "easy"  by SMEs in stage 2 
and the "normal"  in the four stages of Kansei, some difficulties in the relatively normal 
stages can be overcome by other SMEs. The difficulty in inviting as many participants as 
possible at the product evaluation stage, the online media that they are accustomed to using 
can be utilized, even though there are weaknesses in this way. While the difficulty in sorting 
Kansei words, determining the pairs of words, including difficulties in analyzing data 
statistically, can be solved by utilizing experts from outside of SMEs by partnering with 
higher education institutions or statistics consultant in which there are experts needed. 
153 
 
Reference 
[1] Tambunan, T. (2009). Export-oriented small and medium industry clusters in 
Indonesia. Journal of Enterprising Communities: People and Places in the Global 
Economy, 3(1), 25–58. doi:10.110 8/17506200910943661 
[2] Asia Pacific Foundation of Canada. 2018 SURVEY OF ENTREPRENEURS AND 
MSMES IN INDONESIA “Building the Capacity of MSMEs Through Human Capital” 
https://apfcanada-msme.ca/research/ (retrieved on 8th April 2019). 
[3] http://www.businessdictionary.com/definition/product-development.html (retrieved 
on 8th April 2019). 
[4] L. Hultman and S. Larsson, “Development of a Method for Subjective Expert 
Evaluation of the Human Driving Geometry,” Lulea University of Technology, Lulea, 
2005. www.diva-portal.org/smash/get/diva2:1031983/ (retrieved on 1st April 2019). 
[5]  Nagamachi, Mitsuo; Tachikawa, Masami; Imanishi, Nobuyuki; Ishizawa, Taichi and 
Yano, Shingo (2008). A Successful Statistical Procedure on Kansei Engineering 
Products. 11th QMOD Conference. Quality Management and Organizational 
Development Attaining Sustainability From Organizational Excellence to Sustainable 
Excellence; 20-22 August; 2008 in Helsingborg; Sweden. 
[6] Cross, N. (2008). Engineering Design Methods: Strategies for Product Design (4th 
ed.). Chichester, UK: John Wiley & Sons. 
[7] Löfqvist, Lars (2009). Design Processes and Novelty in Small Companies; a Multiple 
Case Study. International Conference on Engineering Design, ICED ’09. 24-29 
August 2009, Stanford University, Standford, CA, USA. 
[8] Mohd Lokman, Anitawati; Che Haron, Mohammad Bakri; Zainal Abidin; Zaleha, Siti; Abd 
Khalid, Noor Elaiza; Ishihara, Shigekazu. Prelude to Natphoric Kansei Engineering 
Framework. Journal of Software Engineering and Applications, 2013, 6, 638-644 
Published Online December 2013 (http://www.scirp.org/journal/jsea) 
http://dx.doi.org/10.4236/jsea.2013.612076. 
  
 
 
 
 
 
CHAPTER 6 
 
Conclusion 
 
 
 
 
 
 
 
154 
 
CHAPTER 6 
CONCLUSION 
 
6.1 Research Finding 
 
Through various approaches, data collection and analysis methods that applied to 
the research objects, there are several important findings related to the development of 
laminated bamboo products by SMEs in the aspect of design; 
 
1) More possibility design through its basic component 
 
The current engineered bamboo product development as we present in chapter 1 
identified using the typological analysis on the surface appearance shows the process of 
change from the original visual properties of the natural bamboo into a more varied 
appearance. Through the manufacturing processes, which mainly uses adhesives and 
compression, the seven basic component or so-called “constituent unit” of engineered 
bamboo identified provides seven-grain types as the primary categories. The secondary 
categories are created through color variation as the impact of treatments (bleaching and 
carbonizing), as well as the design pattern application. The analysis shows that laminated 
bamboo has more potential for surface modification variations than other engineered 
bamboo. Its diversities (10 variations in 4 surface categories) are created by manipulating 
its basic component (bamboo strip) through color treatment combination, strip size, strip 
position, distance variation, 3D patterning, and the layer formation. The connection 
between the bamboo constituents and the product’s aesthetics become more understandable 
when examining the properties of bamboo that can be changed through engineering.  
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2) Manufacturing steps, tool and methods by laminated bamboo SMEs 
 
The laminated bamboo fabrication processes conducted by the SMEs examined in 
this study use low technology in almost all their production steps, which can be readily 
seen in the techniques, tools, and materials they utilize. In particular, their selected 
laminating process involves cold-pressing using simple clamps, which are created locally, 
and the use of UF (urea-formaldehyde) and PVAc (polyvinyl acetate) adhesives, which are 
widely available. From the product variations that small enterprises have created, it can be 
concluded that they have the basic abilities necessary to solve technical problems in 
fabrication, although they lack experience in design. Furthermore, referring to the level of 
a product category that considered as an advanced process, it creates the possibility for 
designer or maker to improve the product quality by utilizing the available facilities, 
materials, and construction methods in more creative ways. 
 
In terms of our product development research objective, it is clear that production 
plans must be based on the capabilities and potentials that exist in their fabrication 
sequences. This means that small enterprises must take action if, at some stage in the 
process, it is found that a possible product development starting point exists. As explained 
in Chapter 1, figure 1.4 and 1.5 that laminated bamboo has more applicable product 
forming beside its basic flat pressing which is mold bending, carving, lathing, and veneer 
slicing. For more variation result, creation of surface design on the laminated bamboo can 
be created through color treatment combination, strips arrangement (distance and size), 3d 
patterning and layer variation. Corcerning to that, a guidance is proposed for the 
development of laminated bamboo products with a sequencial steps in Chapter 2. 
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3) Conceptualized impression 
The trial in developing visual impression for the bamboo product begins with a 
general impression that the user needs on a specific product. As a case study, material for 
the interior wall of house is selected, and it becomes our domain analysis to explore any 
possibilities of the impression of building materials. During the process of obtaining some 
important word besides the quantitative approach by counting the appearance of the word, 
a qualitative approach through thematic clustering is introduced to remove or combine sub-
category themes. It was found in exploring the impression that different variation 
impression is needed by user (figure 6.1). It mean that the industry (SMEs) should supply 
the demand for the such needs by creating variation of design based on different 
impressions. 
 
 
Figure 6.1 Re-appearing of the same words indicate the 
importence of the impression. 
 
 The Kansei words; luxurious (mewah), strong (kuat), modern, nice (bagus), 
interesting (menarik) and natural (alami), after going through the selection process, 
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iterative grouping and assessment are selected as affective words that need to be 
conceptualized on building material products in the home context. Therefore, these 
selected Kansei words can be developed as impressions of the laminated bamboo panel 
made by SMEs to be applied on the wall. 
 
4) User preference on the laminated bamboo surface 
In the actualization stage, the experiment on a small sample of the laminated 
bamboo panel made by the SMEs results in some important information about the user 
preference toward the laminated bamboo surface type; firtsly, related to the finding of 
impression variation within the samples. It is found that there are differencies between the 
excisting products (group I) and the proposed product (group II) that put them into two 
cluster. Participant tend to percieve the excisting product as having natural impression, 
while the proposed product having more various of impression although quite close 
between one to another impression. Secondly, it was found that among the samples, the 
panel no. S08 reach a lot attention as having a favorite surface appearance selected by 
participant. Is also indicated by obtain highest score in most impressions type, except the 
natural impression. On the other hand, the sample S05 also reach a high score in selection 
in the second experiment, with natural surface impression. 
As the final result of the Kansei engineering method conducted in this study, it is 
found that impression of luxurious, strong, modern and natural on the laminated bamboo 
surface is influenced by it surface properties. From this study, a simple model can be 
created to represent a more complex reality marked by the value of R
2 
to identify how 
close the representation. The model is function of product property to predict a certain 
impression, formulated as;  
y impression = f (surface properties). 
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The model has reveal the connection between impression and surface properties of 
laminated bamboo as follow; 
a. Luxurious laminate bamboo especially should be contoured, vertical grain and 
low brightness has a small impact. 
b. Strong impression for laminated bamboo should have a combination of vertical 
grain, dark and having contour. 
c. Modern impression can be created especially by contour, with small impact 
combination off dark surface and vertical grain. 
d. Natural impression of laminated bamboo should be in plain surface, horizontal 
grain and little impact from bright appearance. 
In the experiment II using a real application of the laminated bamboo panel on wall 
prototype, the result shows that the user preference does not change, and a similar result 
for the Kansei evaluation on the selected four wall panels was exist. It's prove that the 
small sample of the laminate bamboo panel can be used to represent a real wall application. 
Therefore the SMEs can use a small sample size to create more design variation and 
present it to their customer as a media for product evaluation. Thus the design process can 
be conducted efficiently. 
 
5) A preliminary finding for the possibility of Kansei engineering 
application by the SMEs.  
 
 As our concern in supporting SME development, through our research on laminated 
bamboo products, we also try to identify the possibility of applying the Kansei method by 
SMEs in developing their products base on the available resources and capabilities. 
Through interviews, discussion and involvement of the SME during our research process, 
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we identified the possibility of applying the Kansei method by the SMEs, supported by 
available media for data collecting, prototyping, and communication facility for connecting 
with customers. Since some limitation particularly in human resources, the utilization of 
Kansei engineering in the SME could be done by making a partnership and cooperation 
with other parties or institution. The difficulty is mainly in handling the analytical method 
and interpretation of the result that requires a certain level of expertise. Since the SMEs in 
our study have differences in resources and employee capabilities, a study for further 
understanding the possibilities to develop a strategy of partnership is needed to be taken. 
 
6.2  Future Research Suggestion 
 Indonesia owns a considerable bamboo resource potential, while its utilization is 
still not optimal. Although there is no accurate data on bamboo at present, according to 
Lobovikov, there are 2 million hectares of bamboo both inside and outside the forest 
(Lubovikov et al., 2007) [1], while the government of Indonesia records the export value of 
bamboo products, as only around US $ 90 million in 2007 (Ministry of Forestry & ITTO, 
2011) [2] or less than 5 percent of the total export value of world bamboo products. The 
utilization of bamboo in industry, which is currently dominated by SMEs and home-scale 
industries [3], marks the importance of the role of SMEs to optimize the utilization of 
bamboo. Therefore the proposed research still needs to connect to the development of 
laminated bamboo products by SMEs in Indonesia with their potential and capacities. The 
research needs to be directed at creating new products or refinement of an existing product, 
especially for substituting other products that less environmentally friendly raw materials. 
 Referring to what we described in chapter 1 about bamboo strip as a basic element 
for creating laminated bamboo products and its modification possibilities, a stage in 
creating the product can be started by experimenting some property modification on the 
bamboo strip and its composition. As we obtain from the current study with the Kansei 
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engineering method, it is found the connection between impression and the surface 
properties of laminated bamboo. A future research for creating new laminated bamboo 
product could apply the principal in creating impression of the product throught 
modification of its property. 
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APPENDIX 

No INDONESIA ENGLISH No INDONESIA ENGLISH
101 Kacau Messy 156 Mengagumkan Awesome
102 Kaku Rigid 157 Mengasyikkan Exciting
103 Kampungan Plebeian 158 Mengejutkan Surprising
104 Kantor Formal 159 Mengerikan Awful
105 Kasar Grainy 160 Menggoda appealing
106 Kaya Rich 161 Mengharukan Heartwarming
107 Kekal Eternal 162 Menghebohkan Marvelous
108 Kekinian Up to date 163 Mengherankan Astonishing
109 Kelas tinggi High class 164 Mengkilat Glossy
110 Keras Hard 165 Menonjol Prominent
111 Keren Cool 166 Menyenangkan Exciting
112 Khas Unique 167 Menyolok Striking
113 Khusus Special 168 Merangsang Stimulating
114 Klasik Classical 169 Meredam Absorptive
115 Kokoh Sturdy 170 Mewah Luxurious
116 Kolot Old 171 Minimalis Minimalist
117 Konstan Constant 172 Mistis Mistical
118 Kontemporer Contemporary 173 Modern Modern
119 Kontinu Continuous 174 Mulia Loftly
120 Kontras Contrast 175 Mulus Seamless
121 Konvensional Conventional 176 Murahan Cheap
122 Kraton Aristocrate 177 Murni Blot
123 Kreatif Creative 178 Mutakhir Latest
124 Kuat Strong 179 Naim Delight
125 Kuno Obsolete 180 Natural Natural
126 Kusut Rafferty 181 Nikmat Enjoyable
127 Lapuk Broken 182 Ningrat Noble
128 Lawas Old 183 Nyaman Comfortable
129 Layak Presentable 184 Nyata Real
130 Lebar Wide 185 Oke Good looking
131 Lembut Subtle 186 Original Original
132 Licin Slippery 187 Orisinil Genuine
133 Linear Linear 188 Padat Dense
134 Luar biasa Amazing 189 Paten Firm
135 Luar ruang Outdoor 190 Perfik Perfect
136 Luas Spacious 191 Plastik Plastic made
137 Lucu Cute 192 Polytone Polytone
138 Lumayan Comfortable 193 Posmo Posmodern
139 Lusuh Shabby 194 Presisi Felicitous
140 Macho Macho 195 Priyayi Aristocrate
141 Mahal Expensive 196 Ramah Pleasant
142 Mantap Steady 197 Ramping Trim
143 Maskulin Masculine 198 Rapi Neat
144 Megah Impressive 199 Rapuh Fragile
145 Membedakan Differentiate 200 Reguler Regular
146 Membintangkan Startling 201 Resmi Stilty
147 Membosankan Boring 202 Rigid Rigid
148 Memikat Fascinating 203 Ringan Soft
149 Mempesona Fascinating 204 Royal Lavish
150 Memusingkan Dizzy 205 Rumit Detil
151 Menakjubkan Wondrous 206 Rastik Rustic
152 Menarik Interesting 207 Sakral Sacret
153 Menawan Fascinating 208 Sangat menarik Fascinating
154 Menekan Suppres 209 Sedap Pleasant
155 Menenangkan Calming 210 Sederhana Simple
No INDONESIA ENGLISH
211 Segar Moist
212 Sejuk Comfy
213 Semak Comfortable
214 Sempurna Perfect
215 Seperti batu Stone-like
216 Serasi Sophisticate
217 Serba guna Versatile
218 Sesuai Appropriate
219 Silky Slick
220 Simetris Symmetric
221 Simpel Simple
222 Sliki Slick
223 Soft Soft
224 Solid Solid
225 Sreg Comfortable
226 Stabil Stable
227 Standar Standart
228 Sunda Sundanesse
229 Suram Gloomy
230 Tahan api Fireproof
231 Tahan lama Durable
232 Tak terduga Unprecedented
233 Tampilan ekonomis Economical look
234 Tampilan industri Industrial look
235 Tampilan kayu Wooden look
236 Tampilan tropis Tropical look
237 Tangguh Firm
238 Teguh Persistent
239 Teratur Neat
240 Terlihat mencolok Striking look
241 Terpuji Admirable
242 Tertib Orderly
243 Tidak biasa Non standard
244 Tradisional Traditional
245 Trendi Trendy
246 Tua Old
247 Unik Unique
248 Urban Urban
249 Usang Old
250 Vintage Vintage
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